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The cause of peptic ulcer is unknown, and, unlike many diseases, 
even its control on empirical grounds is unsatisfactory. The amount 
of clinical and experimental work that has been done on the subject is 
enormous, and, as may be expected, there is a wide difference of opinion 
concerning its many phases. It is impossible to review all of the pre- 
vailing ideas adequately in this short paper; however, a brief summary 
of current opinion is important in order to lay the foundation for suc- 
cessful study. 

From the standpoint of the clinician and the experimental surgeon, 
three theories have been advanced as to the cause of peptic ulcer: first, 
the physiologic or secretory theory; second, the local anatomic or 
mechanical theory, and third, the general constitutional or systemic 
theory. 

The secretory theory, or the theory based on the digestive action of 
the gastric juice and the normal resisting powers of gastric and duodenal 
mucous membrane, has been carefully and extensively studied by Mann 
and Williamson,’ Matthews and Dragstedt * and many others. Practi- 
cally all experimental and clinical observers record the altered gastric 
juice as the one great outstanding cause. Whether the increased acidity 
is merely quantitative or is due to an increase in hydrogen ion concen- 
tration is not entirely clear. Whether the ulcer precedes or follows this 
increase is also an unsettled point. One fact is agreed on, and that is 
that peptic ulcer and hyperacidity go hand in hand. 


From the Department of Surgery and Experimental Surgery, Indiana Uni- 
versity School of Medicine. 

This work was made possible by a grant from the Landon Research Fund and 
the Eli Lilly Research Fellowship. 

1. Mann, F. C. and Williamson, C. S.: The Experimental Production of 
Peptic Ulcer, Ann. Surg. 77:409, 1923. 

2. Matthews, W. B., and Dragstedt, L. R.: The Etiology of Gastric and 
Duodenal Ulcer, Surg., Gynec. & Obst. 55:265 (Sept.) 1932. 


gen 


5 
A 


2 ARCHIVES OF SURGERY 


The causes considered in the mechanical theory include, first, trauma, 
either vascular or direct injury to the part by foreign bodies, or rarely 
trauma produced by diaphragmatic hernia. The vascular disturbances 
mentioned include functional spasm of the arterioles and capillaries or 
organic lesions, such as embolism or thrombosis. It is said by some that 
a localized area of infarction may occur as a result of septic emboli 
from a symptomless focus of infection. This has not been adequately 
proved * and is therefore not accepted by many observers. On the con- 
trary, most ulcers begin in the mucosa and erode outward. Pylorospasm 
is said to be an important mechanical factor because regurgitation of 
the neutralizing duodenal contents cannot take place as it normally does. 

Lastly, the general health of the patient and particularly the condi- 
tion of his nervous system have given rise to the so-called neurogenic 
theory of ulcer. Cushing * has shown that tumor of the brain and peptic 
ulcer occur together frequently enough for their simultaneous presence 
to be more than a coincidence. That a constitutional type for ulcer exists 
seems to have been clearly brought out by Pende® and by Draper ® in 
their excellent studies. Some have classified peptic ulcer as of trophic 
origin. Obviously, these are clinical rather than experimental obser- 
vations. 

PURPOSE OF OUR EXPERIMENTS 

The philosophy underlying our work is based on the hypothesis that 
since peptic ulcer practically always occurs in the pyloric end of the 
stomach and the first portion of the duodenum, some local factor must be 
the underlying cause. This area is a locus minoris resistentiae and is sub- 
ject to the same laws of pathology that apply elsewhere in the body, 
augmented no doubt by constitutional factors which certainly play a réle 
in this decrease in local resistance. In attempting to define this process 
accurately and to identify its component parts, one must first study the 
normal anatomy and physiology. In making such an analysis one must 
not upset normal relationships any more than is absolutely necessary 
for the experiment. A criticism of many investigations has been justly 
made that the abnormal or pathologic deviation is actually in roduced 
by the experiments themselves. After the normal physiologic relation- 
ships have been ascertained, the pathologic process found in peptic ulcer 
may be reproduced, again with as little alteration of the part as possible. 
Finally, the way to prevention and cure may be discovered in the light 
of accurate observation. | 
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Anatomically and physiologically, the pyloric antrum and the first 
portion of the duodenum have one chief characteristic in common, that 
is, alkaline mucin-secreting glands—the pyloric glands in the former 
and Brunner’s glands in the mucous and submucous coats of the latter. 
The fact that there are no plicae circulares (valvulae conniventes) in the 
pars superior duodeni and much. lymphoid tissue has also been noted. 
The role of the pyloric sphincter has been studied by many observers. 
Recently, Gianturco’ found that the pylorus responds to approaching 
waves of peristalsis much as does the adjacent part of the pars pylorica 
and that relaxation of the pylorus alone is not followed by passage of 
food, which takes place only when the pylorus and the duodenum are 
relaxed at the same time. This may be seen fluoroscopically in the 
experiments to be described, and the peristaltic wave carries through 
the area operated on, permitting barium sulfate to go easily into the 
duodenum. 


PRODUCTION OF DUODENAL INTUSSUSCEPTION INTO THE STOMACH 


Since ulcer and acid are so closely interrelated, we wished to learn 
what might happen if the ulcer-bearing area were brought up into the 
more acid prepyloric portion of the stomach. In other words, we would 
seek to produce a living transplant of the pars superior duodeni in a 
new and more highly acid environment. If successful, we could observe 
the effect of this acidity on the mucosa and, in turn, the effect of duo- 
denal mucous membrane on the physiology of the stomach. 


Material and Technic.—On Oct. 30, Nov. 22 and Dec. 13, 1933, the first group of 
dogs were successfully operated on (nos. 938, 957 and 985). The technic employed 
is shown in figure 1, J to 8, inclusive. The effect of this procedure is to produce 
intussusception of the duodenum into the stomach (figs. 2 and 3). The dogs 
received 800 cc. of 3 per cent dextrose in physiologic solution of sodium chloride 
subcutaneously twice daily for from six to eight days following the operation. 
The first group of tests were done to determine the percentage of free and 
of combined acid. Three animals (938, 957 and 985) from the group subjected to 
operation and three controls (2, 20 and 983) were used. 

Gastric Analyses —An ordinary well lubricated Rehfuss stomach tube and a 
30 cc. syringe were used to aspirate the material. Food was withheld for twenty- 
four hours previous to the experimental procedure. The dogs were then given 
400 cc. of water by stomach tube and at the same time a subcutaneous injection 
of 0.1 mg. of histamine ‘hydrochloride. Specimens were drawn one-half and - 
one hour later. We collected from 20 to 50 cc. of the contents of the stomach 
from each animal for the analysis. 

The specimens were centrifugated and filtered and 10 cc. of the substance was 
titrated in the usual manner for free, combined and total hydrochloric acid, Toep- 
fer’s reagent and phenolphthalein being used as indicators. Quantitative determina- 


7. Gianturco, Cesare: Experimental Studies on the Pyloric Mechanism, Proc. 
Staff Meet., Mayo Clin. 8:784 (Dec. 27) 1933. 
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tions for mucin were done by treating 1 cc. of the gastric filtrate with 0.5 cc. 
of normal sulfuric acid, autoclaving the filtrate for one hour at 15 pounds 
of pressure and then neutralizing it with 0.5 cc. of normal sodium hydroxide 
and 1 drop of phenolphthalein. The addition of a dilute solution of sodium 
carbonate turned the substance to pale pink. The mucin was treated according to 
the Folin colorimetric quantitative determination of blood sugar, and the results 
were calculated as such. In some of the animals that were operated on the mucus 
was so thick that we could not aspirate it. This may account for the great varia- 


Fig. 1—Photographs showing the technic for producing an intussusception of 
the duodenum into the stomach. In J, the lesser and the greater curvature of the 
stomach are freed; in 2, the pyloric sphincter is divided in the manner of a Ramm- 
stedt pyloroplasty ; in 3, interrupted Lembert silk sutures are introduced anteriorly 
and posteriorly, ending about half way between the pylorus and the common bile 
duct (proximal row of sutures); in 4, the second or distal row of sutures are 
shown ending just proximal to the common bile duct; in 5, the distal row of sutures 
are placed on the posterior wall of the stomach by rotating the greater curvatures 
upward; in 6, extra sutures are placed around the invagination completing the 
operation; in 7, the patency of the newly formed pyloric canal is tested, and in 
8, a cross-section of the completed operation is depicted. The common bile 
duct and ampulla are shown in their new relationship. A shows the method of 
covering a perforated duodenal ulcer by using part of the anterior wall of the 
stomach. The, inset is a cross-section of the same. 
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Fig. 2.—Posterior wall of the stomach and the duodenum, showing the duodeno- 


gastric intussusception seven months after operation. /D indicates the invaginated 
duodenum. 


Fig. 3.—Interior of the stomach and the duodenum, showing duodenogastric 
intussusception nine months after operation. /D indicates the invaginated duo- 
denum; S, the stomach, and D, the duodenum. 
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tion in the results. The laboratory work was done by the Central Laboratories of 
the Indiana University School of Medicine, which is a separate unit from the 
experimental division. 

The determinations were repeated six times for each animal (tables 1, 2 and 3). 
General averages were computed by averaging the results of all tests made on all 
dogs. This revealed that the acid values of the dogs that were operated on were 
higher than the values for the normal dogs (table 3). Determinations of mucin 
were made also, but our readings were variable for this first group, owing in 
part to the use of small stomach tubes, through which it was impossible to aspirate 
all of the thick mucus. However, grossly long stringy ropes of mucus were 
removed after withdrawal of the stomach tube. These were much more profuse 
and thicker in the animals that were operated on than in the controls. 


TABLE 1—Gastric Acid and Mucin Content of Control Animals 


One-Half Hour Sample One Hour Sample 
“Free Hydro- Combined Mucin, “Free Hydro- Combined Mucin, 
chlorie Acid, Acid, Mg. per chiorie Acid, Acid, Mg. per 
Date Percentage Percentage 100 Ce. Percentage Percentage 100 Ce. 

Animal 20 

3/ 8/34 35 55 241.0 35 45 67.0 

3/16/34 3 35 0 45 0 10.8 

3/25/34 14 16 0 46 52 11.1 

3/30/34 35 45 42.0 45 5d 38.0 

4/ 6/34 25 30 0 50 60 10.0 

4/13/34 26 36 65.0 44 52 37.0 
Animal 2 

3/ 8/34 30 36 0 30 45 0 

3/16/34 20 35 20.0 35 65 0 

3/25/34 10 16 10.0 36 2 19.0 

3/30/34 40 5O 119 65 70 17.7 

4/ 6/34 60 85 61.4 40 95 100.0 

4/13/34 4 12 0 0 18 0 
Animal! 983 

3/ 8/34 10 Db 0 20 55 0 

3/16/34 4 8 26.6 8 238 0 

3/25/34 50 60 0 30 35 10.0 

3/30/34 38 35 0 35 40 0 

4/ 6/34 18 30 0 30 7 0 

4/13/34 18 22 0 18 26 13.3 

Average 25.2 34.5 26.5 34 50.2 19.6 


Emptying Time—/. study was next made of the emptying time of the stomach 
after our operation hac heen performed. This was compared with the emptying 
time of normal contr. .. We found it necessary to do the experiment several 
times before tabulating the results. This enabled the animals to adjust them- 
selves and gave us more accurate data. In carrying out this study the work of 
Van Liere and Crisler® was reviewed. They found that the average emptying 
time was six and fifty-nine hundredths hours but that the normal extremes 
varied from five and forty-two hundredths to eight and seven hundredths hours. 
The meal used consisted of the following ingredients: hamburger, 40 Gm.; dried 
ground bread, 10 Gm.; milk, 50 cc., and barium sulfate, 15 Gm. 


8. Van Liere, Edward J., and Crisler, George: Proc. Soc. Exper. Biol. & 
Med. 31:85, 1933. 
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Each of the experimental animals was fed this meal at the same time on the 
days that examinations were made. In our first series roentgenograms were 
employed, but in the remainder of the six series the fluoroscope was used to 
ascertain the emptying time. Three controls (2, 20 and 983) and three animals 
that were operated on (938, 957 and 985) were used. 


TasL_e 2.—Gastric Acid and Mucin Content in Animals That Were Operated On 


One-Half Hour Sample One Hour Sample 
“Free Hydro- Combined Mucin, ‘Free Hydro- Combined Mucin, 
chlorie Acid, Acid, Mg. per chlorie Acid,  Aeid, Mg. per 
Date Percentage Percentage 100 Ce. Percentage Percentage 100 Ce. 
Animal 938 
3/ 8/34 30 35 0 70 ap 40.0 
3/16/34 20 24 8.5 50 60 13.3 
3/25/34 30 35 0 20 50 36.0 
3/30/34 10 20 75 30 45 13.0 
4/ 6/34 25 35 £0.0 3 60 10.5 
4/13/34 10 45 0 0 10 0 
Animal 957 
3/ 8/34 30 40 0 50 85 14.3 
3/16/34 24 32 8.5 42 48 10.9 
3/25/34 30 40 0 5O 65 14.3 
3/30/34 5 10 0 35 56 0 
4/ 6/34 35 30 16.6 70 90 13.0 
4/13/34 14 32 0 50 87 0 
Animal 985 
3/ 8/34 60 70 12.1 75 90 22.8 
3/16/34 22 26 8.5 56 7 26.0 
3/25/34 55 65 12.8 75 90 21.0 
3/30/34 50 65 14.8 65 75 22.0 
4/6 34 50 55 10.0 60 65 14.8 
4/13/34 16 28 0 8 30 0 
Average 28.6 38.1 9.9 50.3 65.9 15.1 


TABLE 3.—Average of the Six Gastric Analyses on all Animals * 


One-Half Hour Sample One Hour Sample 
Free Hydro- Combined Mucin, Free Hydro- Combined Mucin, 
ehlorie Acid, Acid, Meg. chlorie Acid, Acid, Mg. per 
Pereentage Percentage 100 Ce. Percentage Percentage 100 Ce. 
Animals operated on 23.6 38.1 9.9 50.3 65.9 15.1 
Norma! control animals 25.2 34.5 26.5 34.0 50.2 19.6 


* Great variation in the mucin content may be due in part to the difficulty of aspirating 
the thicker and more tenacious ‘mucus through the small tubes. This was especially true in 
the animals that had been operated on. 


The average emptying time was one hour. The emptying time was forty 
minutes faster in the animals with duodenogastric intussusception than in the 
normal controls (table 4). 


Effects of Operation on the Invaginated Duodenum.—Dog 985 was killed after 
seven months and dog 938 after nine months in order to determine the ultimate 
organic effect of our operative procedure (fig. 2 and 3). Both animals were 
normal and in good health at the time they were killed. No gross changes were 
found either in the stomach or in the invaginated portion of the duodenum. Bile 
‘was present mixed with large quantities of mucus. Microscopic study revealed 
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some desquamation of the mucous membrane over the invaginated portion; how- 
ever, Brunner’s glands appeared to be normal in every way (fig. 4). Dr. Frank 
Forry of the pathology department of the university examined the sections care- 
fully and found that there were no degenerative changes or other significant reac- 
tive phenomena in Brunner’s glands in each of the several sections. The glands 


did not differ significantly in any way from those found in preparations from 
normal control animals. 


Comment.—These experiments reveal that the presence of Brunner’s 
glands in the stomach seems to cause an increase in the percentage of 
both free and combined acid. This increase is all the more conclusive 
because the increased emptying time and the presence of bile suggest an 
open pylorus, which should permit neutralization to some extent by the 
alkaline duodenal content and to a greater extent by the secretion of 


TasLe 4.—Summary of Emptying Time Revealed on Sir Examinations * 


Animal 1 


2 3 4 3 6 
2 (control)........ 7 hr., 7 br., 7 br., 7 br. 8 hr. 7 br., 
30 min 15 min. 30 min. 30 min. 
20 (control)........ 7 hr. 7 br., 7 br., 7 hr. 7 br. 7 br., 
15 min. 15 min. 30 min. 
983 (control)........ 7 br., 7 hr. 8 hr. 7 br., 7 hr., 6 br., 
30 min. 30 min. 30 min. 45 min. 
957 (operation)..... 5 hr., 4br., 5 hr., 5 br. 5 hr., 5 br. 
30 min 46 min. 15 min 30 min 
985 (operation)..... 7 br., 5 hbr., 6 br., 5 hr., 6 hr., 6 br., 
30 min. 5 min. 530 min. 45 min. 30 min. 15 min. 
938 (operation)..... 7 hr., 4hbr., 5 br., 5 br., 4hr., 5 hr., 
15 min. 25 min. 34 min. 3 min. 51 min. 10 min. 


Average emptying time of normal control animals: 7 br., 20 min. 
Average emptying time of animals operated on: 5 hr., 40 min. 


* The report of the roentgen studies was submitted by Dr. Wright of the department of 
x-ray, Indiana University Hospitals. 


Brunner’s glands, which, according to Florey and Harding,” is alkaline 
to Pu 8 plus. The gross increase in the quantity and quality of mucus 
seems to be due to the higher acid medium created. In other words, 
our experiments seem to show that Brunner’s glands are stimulated to 
increased production of mucin by higher acid values and that these 
same glands in turn, owing to this stimulation, cause an increase in the 
hydrochloric acid of the stomach. Brunner’s glands seem to have two 
functions: a local protective mucin-producing action and a hormonal 
acid-stimulating mechanism. Both functions have been separately 


observed by other investigators. Murray *® found that when that part 


9. Florey, H. W., and Harding, H. E.: The Functions of Brunner’s Glands 
and the Pyloric End of the Stomach, J. Path. & Bact. 37:431, 1933. 

10. Murray, Margaret M.: The Small Intestine and Gastric Secretion, with 
Special Reference to Brunner’s Glands, J. Physiol. 69:48, 1930. 
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of the duodenum which contains Brunner’s glands is made into an 
extract and injected into cats (normally insensitive to histamine) an 
increase in hydrochloric acid and pepsin results. This was not true 
when the mucous membranes of other portions of the gastro-intestinal 
tract were used. Florey and Harding® found that Brunner’s glands 
produced an alkaline mucin with a py of 8, or equal to tenth-normal 
sodium bicarbonate. When hydrochloric acid was allowed to come into 


Fig. 4.—Duodenograstric intussusception, showng the invaginated portion. D 
indicates the duodenum, and S, the stomach. 


contact with the glands, there was an increase in the amount of mucin, 
which protects the normal pylorus and duodenum against the formation 
of ulcer. The second group of experiments described in this paper lend 
support to their hypothesis. 

The increase in emptying time is to be expected because of the 
division of the pyloric sphincter. This procedure nullifies the effect of 
a possible pylorospasm as a cause of hyperacidity and again adds to 
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the contention that Brunner’s glands have a “secretin” action. That the 
glands are actually living and functioning seems to be established by 
our microscopic studies of their morphology as compared with that of 
the glands in the controls. We could not expect to find ulcers on the 
invaginated portion of the duodenum. Matthews and Dragstedt * have 
shown that different organs as well as parts of the alimentary canal 
can be implanted in the normal stomach without resulting ulceration 
of the organ. But if the alkaline duodenal juices were prevented from 


TasLe 5.—Study of Gastric Acid and Mucin Content * 


One-Half Hour Sample One Hour Sample 
Free Free 
Hydro- Com- Hydro- Com- 
chlorie bined chlorie bined 
Acid, Acid, Mucin, Acid, Acid, Mucin, 
Per- Per- Mg. per Per- Per- Mg. per 
Animal Date centage centage 100 Ce. centage centage 100 Ce. 
Duodeno- 112 11/21/34 72.0 42.5 8.0 73.0 48.5 8.4 
gastric 11/26/34 27.0 31.5 106.7 31.9 54.0 97.5 
intussus- 12/ 4/35 19.5 43.5 34.8 15.0 56.5 55.2 
ception 106 11/21/34 15 3.7 0.0 10.0 5.5 0.0 
11/26/34 34.5 26.5 94.0 47.5 29.0 97.5 
12/ 4/34 36.5 72.0 83.5 40.0 69.5 88.8 
32.5 36.6 54.5 36.2 43.8 57.5 
Finney 102 11/21/34 37.0 41.0 0.0 25.0 39.0 8.7 
pyloro- 11/26/34 46.7 8.3 14.5 75.0 4.5 22.2 
plasty 12/ 4/34 5 28.0 80.0 87.0 20.5 64.0 
45.5 23.7 31.5 62.3 21.3 31.6 
Control 134 11/21/34 18.0 25.0 0.0 10.0 22.2 0.0 
11/26/34 5.0 20.5 97.5 8.5 20.0 106.7 
12/ 4/34 47.5 47.2 36.4 37.8 20.0 0.0 
23.5 30.9 44.6 18.7 20.7 35.5 


* The animal on which a Finney pyloroplasty was performed had the highest amount of 
free hydrochloric acid and the second highest combined acid content. Dogs operated on by our 
technic came next. The control had the lowest amount of free hydrochloric acid and about 
the same amount of combined acid as the dog on which a Finney operation was done. The 
animals used for duodenogastrie intussusception had the highest amount of mucin, while the 
dog on which a Finney pyloroplasty was done had the lowest amount. 


entering the stomach by a valve in the pylorus, the acids rose and 
ulcers developed. We have shown here that even in the presence of 
increased acids ulcers will not occur in the stomach or on the invagi- 
nated duodenum. However, the pylorus here remained open, allowing 


neutralization by duodenal juices and protection by mucin from Brun- 
ner’s glands. 


PRODUCTION OF GASTRIC AND DUODENAL ULCERS IN EXPERIMENTAL 
AND CONTROL ANIMALS 
Two more dogs (112 and 106) were operated on according to our technic. 


These, together with dog 957, operated on in November 1933, were the three 
animals studied after the administration of cinchophen. Another dog (102) was 
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operated on, and a Finney pyloroplasty was done. These dogs, with control 134, 
were studied for acids and mucin content as before (table 5). It was found that 
the dog in which the Finney pyloroplasty was done had the highest acidity, 
namely 22 per cent above that of the normal controls. The dogs operated on by 
our technic had an acidity that was 10 per cent higher than that of the normal 
controls. However, their mucin content exceeded that of the other dogs 
from 10 to 12 mg. Next the emptying time was determined. The emptying time 
in dog 102 (Finney pyloroplasty) was three and one-half hours faster than in the 
normal control. In dogs 112 and 106 (duodenogastric intussusception) it was 
about two hours faster than in the normal controls (table 6). 

Our next step in this group of experiments was an attempt to produce typical 
peptic ulcer. This was accomplished by using cinchophen in toxic doses, as 
described by Van Wagoner and Churchill! We administered 0.22 Gm. of 


TaBLe 6.—Emptying Time in Hours and Minutes at Three Examinations * 


Animal Date 1 2 3 

5 hr., 20 min. 

12/12/34 4 hr., 17 min. 

1€2 (Finney pyloroplasty)...... 12/12/34 3 hr., 40 min. 

3 hr., 50 min. 

12/12/34 7 br., 20 min. 


6 hr., 50 min. 
12/21/34 7 hr., 30 min. 


* The fluoroscope was used to determine the emptying time, and the test meal employed 
was the same as that used in the previous experiments. The pyloric end of the stomach 
appeared more globular than normal, evidently because of the invagination of the first portion 
of the duodenum into the stomach; however, this part cantracted along with the rest of the 
stomach as the peristaltic waves passed down (fig. 5). The emptying time of the dog on which 
a Finney pyloroplasty was done was less than four hours. The average emptying time in this 
group for animals with duodenogastric intussusception was five hours and twenty-four 
minutes, whereas the control required seven hours and thirteen minutes. 


cinchophen per kilogram of body weight daily. The time required to produce the 
desired effect varied from three to eighteen days (average about ten days), depend- 
ing on the size and resistance of the animals together with technical difficulties 
encountered in feedings. Careful postmortem studies were made after each 
experiment. The following descriptions of the gastro-intestinal changes were taken 
from the autopsy records. 


Doc 983 (control).—Multiple gastric and duodenal erosions and several acute 
ulcers were found in the pylorus on the lesser curvature and also in the duodenum. 


One duodenal ulcer had perforated (fig. 6). Diffuse hemorrhagic colitis was also 
present. 


11. Van Wagoner, F. H., and Churchill, T. P.: Production of Gastric and 
Duodenal Ulcers in Experimental Cinchophen Poisoning: Preliminary Report, 
J. A. M. A. 99:1859 (Nov. 26) 1932; Production of Gastric and Duodenal Ulcers 
in Experimental Cinchophen Poisoning in Dogs, Arch. Path. 14:860 (Dec.) 1932. 
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Doc 957 (duodenogastric intussusception) —Diffuse gastritis and duodenitis 
were present, but no ulcers were found in the stomach or duodenum. The lower 
part of the ileum and the entire colon contained numerous acute ulcers. An ulcer 
about 8 inches (20.3 cm.) above the ileocecal valve had perforated causing a fatal 
peritonitis. 

Controls 101 and 134 together with dog 102 (Finney pyloroplasty) and dogs 
112 and 164 (duodenogastric intussusception) were given cinchophen as described. 


Fig. 5.—Roentgenogram showing the operative field. S indicates the stomach; 
P, the pylorus, showing the invaginated duodenum; D, the duodenum, and J, the 
jejunum. 


| 


Fig. 6—Multiple acute ulcers of the stomach and the duodenum in a normal 
control after toxic doses of cinchophen. U indicates a perforated ulcer of the 
duodenum. 


The amounts of acid and mucin in the stomach were studied after the fourth day. 
There was a slight increase in the amount of acid and a greater increase in the 
amount of mucin in all dogs. The latter was especially true in animals with 
duodenogastric intussusception. 
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Doc 101 (control).—A diffuse hemorrhagic gastritis and duodenitis with acute 
gastric and duodenal ulceration were found. Many ulcerated areas, some very 
large, were seen in the mucous membrane of the small and large intestine. 

Doc 134 (control).—For gastric studies before and after the feeding of 
cinchophen see tables 5 and 7, respectively. Acute gastric and duodenal ulcers 
were found. 

Doc 102 (Finney pyloroplasty )—Several small acute ulcers were found in the 
pyloric end of the stomach and the first portion of the duodenum. One ulcer 
situated in the suture line had perforated. Diffuse enterocolitis was also present. 

Doc 112 (duodenogastric intussusception).—Diffuse hemorrhagic enterocolitis 
was present. No gastric or duodenal ulcers were noted. 


TABLE 7.—Gastric Acid and Mucin Content Before and During the Administration 
of Toxic Doses of Cinchophen 


Free Hydro- Combined Mucin, 

chlorie Acid, Aeid, Mg. per 

Date Percentage Percentage 100 Ce. 

Gastrie Analysis of Normal Animal 134 During the Feeding of Cinchophen * 

1/ 1/35 21.6 28.0 78.0 
vers 26.0 32.0 90.0 
1/ 2/35 16.7 22.0 65.0 
1/ 4/35 29.0 32.6 125.0 


2/20/35 75.0 11.0 31.6 
88.0 8.0 18.6 
3/ 2/35 om 10.0 40.0 13.2 
3/ 8/35 66.0 5.3 13.8 


3/29/35 44.6 20.2 26.6 
4/ 1/35 67.2 40.2 113.4 


* Studies were made on the fourth, fifth and seventh days after the administration of 
cinchophen was begun. The gastric analysis of this animal before the administration of cin- 
chophen is given in table 5. 

+ This animal was a healthy male and on Jan. 12, 1935, weighed 43 pounds (19.5 Kg.) 


Four days after the feeding of cinchophen was started the free hydrochloric 
acid and the combined acid content were only slightly higher than before. How- 
ever, there was a large increase in the amount of gastric mucin, which was 
extremely tenacious (table 7). Gastric studies were made on the fourth, fifth 
and seventh days after the administration of cinchophen in control 134. A greater 
rise in acid content occurred than in the animals operated on. The mucin content 
also rose, but it was not as high as in the dogs with the invaginated duodenum 
(tables 5 and 7). 


Dog 102 (Finney pyloroplasty) had a perforation through the line of suture, 
although five months had elapsed since the operation was performed, which is 
ample time for complete healing. No ulcers of the stomach or duodenum were 


4 
Gastric Analysis of Animal 164 Before the Administration of Cinchophen t 
Gastric Analysis of Animal 164 During the Feeding of Cinchophen 
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found, in dog 112 (duodenogastric intussusception), but a markedly hemorrhagic 
enterocolitis was present. The last animal studied was dog 164 (duodenogastric 
intussusception). The large upper and the small intestine showed the typical 
hemorrhagic mucosa previously described. There was little evidence of gastritis 
or duodenitis or gross ulceration in the stomach or duodenum proper; however, 
one large ulcer was seen on the invaginated portion (figs. 7 and 8). 


Comment.—The cinchophen method of producing typical peptic 
ulcers does not alter the anatomy of the stomach or duodenum and is 
therefore excellent for experimental use. The repetition of previous 
studies on acids, mucin and emptying time served as a check on our 
results and added confirmatory evidence to previous deductions. We 


Fig. 7—Interior of the stomach and the duodenum in an animal with duodeno- 


gastric intussusception after toxic doses of cinchophen. /D indicates the invaginated 
duodenum, and U’, the ulcer. 


were successful in producing typical acute peptic ulcers in normal dogs, 
in the dog on which a Finney pyloroplasty was done and in those sub- 
jected to duodenogastric intussusception. It will be noted that in the 
dog on which a Finney pyloroplasty was performed the acid content 
was higher than in the normal controls. We believe that this may be 
due to a closer proximity of Brunner’s glands to the higher acid medium 
of the stomach, which starts the cycle of higher acidity and increased 
mucin content. The open pylorus and quick emptying time in this dog 
make this deduction more probable, for alkaline reflex was certainly 
amply present. 
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Only one of our dogs that was operated on had a peptic ulcer after 
the administration of cinchophen. This occurred without a significant 
rise in the acid content, as was true in all others so treated. We believe, 
therefore, that it is the absence of a sufficient amount of the protective 
influence of mucin rather than the increase in the amount of acids per 
se that is responsible for peptic ulcer. It is even possible that peptic 


Fig. 8.—Duodenogastric intussusception showing an ulcer on the invaginated 
portion after toxic doses of cinchophen. Healing had begun. No perforation was 
found in the stomach or the duodenum. G indicates the stomach; U, an ulcer 
on the invaginated portion; BG, Brunner’s glands, and D, the duodenum. 


ulcer in man may be the result of an original decrease in acidity which 
fails to stimulate the glands; or, conversely, an inactivity of the glands 
that fails to increase the acid and also the mucin content. After ulcera- 
tion occurs, both are stimulated, but the mucin is inadequate to meet 
the demands. There may actually exist a premonitory stage of human 
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peptic ulcer when hydrochloric acid would be beneficial by stimulating 
the mucin-producing function of Brunner’s glands. In dogs that have 
had toxic doses of cinchophen, we believe that it is the insufficient 
quantity of mucin, although it is increased, rather than the higher acid 
content (which was very slight, table 7) that produces ulcers. The 
mechanism of protection by mucin is beautifully illustrated in the large 
quantities of ropy saliva that drooled from the mouths of dogs with 
stomatitis after the administration of cinchophen. Hurst ** has said: 


In hypersthenic persons with a constitutional hyperchlohydria and rapid gastric 
emptying, the stomach is empty for a much longer portion of the day or night 
than in the average individual. Accordingly there is much more opportunity for 
damage to the mucosa by such irritants as alcohol, tobacco and drugs. In addition 
fractional Ewald meals in individuals of this type show not only hyperchlohydria 
but also a decrease in mucous secretion. Because of the reduction of the capacity 
of the stomach to secrete mucous which is characteristic of the hypersthenic 
constitution, the protection against damage which is afforded by the layer of 
mucus in the hyposthenic stomach is absent. 


Some would argue that if hydrochloric acid is necessary for the 
production of mucin, why do not ulcers develop in the 10 to 12 per 
cent of persons who normally have achlohydria? Florey and Harding * 
have shown that even in the complete absence of hydrochloric acid or 
anything else there is always a normal basic secretion of mucin for the 
protection of the part. If it is the defense mechanism that is important 
rather than the increase in hydrochloric acid, an extract of Brunner’s 
glands for parenteral administration may be logically used in the treat- 
ment of ulcer provided further experimental work proves this hypothesis 
to be correct. It is true perhaps that “no acid—no ulcer.” But we 
believe that it is rather the failure of Brunner’s glands to protect and 
neutralize than the high acid content that causes ulcer. When peptic 
ulcer does occur, it is usually at the site of these glands, and their 
neutralizing power is still further crippled. Because of this, the acid is 
relatively increased. 

The mere presence of streptococci in the throat does not constitute 
streptococcic pharyngitis, nor will it so long as resistance is great 
enough. It is the immunologic panel that must be kept high rather 
than the uncontrollable bacterial stress that must be kept low, although 
wholesome environment is not to be shunned. Mucin is the local pro- 
tector of the tissues against acid, and its presence should be assured in 
combating peptic ulcer, although here, too, strong irritants affecting the 
gastric mucous membrane and its acid are not to be encouraged. Our 
experiment proves the value of reenforcing and using the pyloric end 
of the stomach in the treatment of ulcer rather than sacrificing it, as is 
done in gastrectomy or pylorectomy. It would seem that one’s duty is to 


12. Hurst, A. F.: The Unity of Gastric Disorders, Brit. M. J. 2:89, 1933. 
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save all the mucous membrane one can, for it is desperately needed. 
The operation described makes an artificial plica cricularis (valvula 
coniventes ), delimits jetting of acid chyme, secretes mucin and immobi- 
lizes the pylorus, permitting the ulcer to heal. For a good many years 
we have treated perforated duodenal ulcer by pulling the wall of the 
stomach down over the perforation and suturing it there, as was first 
suggested by Dr. W. D. Gatch** (fig. 14). We have encountered no 
recurrences or obstructions at the pylorus after this procedure. We now 
feel that we may logically apply the same procedure around the entire 
pyloric circumference, although we have.not done so in man.'* It would 
immobilize the diseased area, reenforce the pyloric walls and transplant 
active Brunner glands with their protective mucin. Because of its safety 
and ease of performance in suitable cases, it would seem to be an aid 
in the surgical treatment of chronic ulcer. If scarring of the pylorus is 
marked, or if the ulcer is on the stomach side, excision of the ulcer 
with part of the pyloric sphincter after the method of Judd, followed 
by duodenogastric intussusception, may be the operation of most per- 
manent value. 
SUMMARY 


A brief discussion of the prevailing theories of the causation of ulcer 
is given. 

An experimental procedure which we have called retrograde duo- 
denogastric intussusception is described. 

As a result of our experiments, together with those of others, we 
conclude that: (a) Brunner’s glands have two secretions—a local pro- 
tective mucin and a systemic acid stimulating hormone. (b) Hydro- 
chloric acid stimulates the local production of mucin as well as the 
gastrin, which in turn assures the necessary hydrochloric acid for this 
stimulation, thereby perpetuating the cycle. 

The adventitious duodenal mucous membrane in our experiment did 
not show ulcer, even with increased acidity. This, we believe, is due to 
the defensive mechanism, which is more important than the offensive, 
just as resistance is more important than the presence of bacteria. 

The production of ulcer by the use of toxic doses of cinchophen has 
been demonstrated. The dogs in which ulcers were so produced had 
only a slightly higher acid content but a much larger amount of mucin. 
Since ulcers develop almost uniformly in controls, we believe that the 
mucin is insufficient to protect the mucous membrane, even though it is 
greatly increased. 


13. Gatch, W. D.: Personal communication to the author. 

14. This procedure has been successfully used in man since this article was 
submitted for publication. A subsequent report will be published after sufficient 
time has elapsed for proper evaluation of the results of the operation. 
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Ulcers occur in the stomach or the duodenum of dogs protected by 
our technic after the administration of toxic doses of cinchophen, but 
less frequently and apparently without perforation. A study of figure 7 
shows the value of extra layers of tissue to guard against perforation. 

The suggestion is made that this operation may be of use in the 
treatment of peptic ulcer in man. 

Further experimental work for the purpose of developing an extract 
of Brunner’s glands for parenteral administration is suggested. 
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OPERATIVE EXPERIENCE IN CASES OF 
PINEAL TUMOR 


WALTER E. DANDY, M.D. 


BALTIMORE 


Although an operative approach to the pineal region was proposed 
by me in 1921,’ it was not until a decade later (1931) that the first 
pineal tumor was successfully extirpated.* A disastrous toll of seven 
fatal issues during this long period seemed almost to indicate the futility 
of further efforts. Yet the same approach was used successfuly in a 
number of cases of tumor of the third ventricle in which, though the 
lesion was in the same general region, less serious difficulties were 
offered. In addition to the aforementioned case, successful extirpation 
has since been performed in two others, thus indicating that the lesion 
is not entirely hopeless, although it remains one of the most dangerous 
of all intracranial growths. This seeming success, however, is still 
further tempered by the fact that in two of these cases the tumor has 
since recurred, in one after two and one-half years and in the other 
after three months. Only the last of the three patients remains well, 
and the period after operation has been only four months. Since the 
growth in the first case was solid and encapsulated and was extirpated 
intact, I expected a permanent cure. _ However, the growth was tera- 
tomatous, containing, in addition to the pineal element, ciliated columnar 
cells of ependymal origin, cartilage and tissue resembling the salivary 
gland. The tumor in the second case was much larger; it was so soft 
and cellular and its capsule so thin that it could not be shelled out 
intact but had to be removed in fragments. The patient died at her 
home three months later, but permission for necropsy was not obtained. 
It is, perhaps, more conceivable that cicatrization at the mouth of the 
aqueduct caused her death than that such rapid recurrence was respon- 
sible. The tumor of the third patient was a pure pinealoma and was 
perfectly encapsulated. It is unbelievable that it can recur, although 
I felt equally secure in such a prediction for the first case. In that 
instance, however, the tumor was a teratoma, whereas in this case the 
growth was a pure pinealoma. 


1. Dandy, W. E.: An Operation for the Removal of Pineal Tumors, Surg., 
Gynec. & Obst. 33:113, 1921. 

2. Dandy, W. E.: Benign Tumors in the Third Ventricle of the Brain, 
Springfield, Ill, Charles C. Thomas, Publisher, 1933, p. 88. 
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Reports of three cases of pineal tumor in which the patient survived 
the operation are appended. Particularly of interest are the remark- 
able transient postoperative sequelae and the absence of recognizable 
effects arising from the removal of part or all of the main trunks of 
the internal venous system of the brain. 


REPORT OF CASES 


Case 1.—History.—J. C., a boy aged 10 years, was first admitted to the hospital 
on Nov. 24, 1931, with the complaint of headache and vomiting. 

The family and the past history were not significant. 

The present trouble began five weeks prior to admission, with moderately severe 
bilateral frontal headache and double vision. The patient slept all afternoon and 
remained in bed two days, during which time he vomited once. He returned to 
school, but two days later headache, nausea and vomiting returned. During the 
first week of his illness the mother noticed that he staggered and “did not seem 
to go where he wished.” 

For some time he was improved and played with other children. Good days 
alternated with bad. Then double vision returned, and there were spells of dizzi- 
ness. A diagnosis of intracranial tumor was made by Dr. George Wright of 
Pittsburgh. 

Physical and Neurologic Examination.—The patient was slender and of normal 
size. The pupils were large and did not react. There was paresis of both the 
right and the left external rectus muscles. No ptosis was present. A rough test 
of the visual fields and the perimetric examination, which had been made at 
Pittsburgh, revealed nothing abnormal. There was papilledema of 4 diopters in 
each fundus, and fresh hemorrhages covered each disk and the surrounding fundus. 
The patient was too ill for an audiometer test, but a watch could be heard when 
placed against either ear. He walked with a wide base and had a suggestion of 
but not a positive Romberg sign. There was no ataxia. The deep reflexes were 
exaggerated but equal on the two sides. A slight ankle clonus was detected on 
the left but was absent when the test was repeated. The Babinski and Kernig 
signs were absent. Bradycardia (with a pulse rate between 50 and 60) was present 
throughout the day prior to operation. 

Roentgenographic Examination—A roentgenogram of the head showed a large 
calcified shadow (fig. 1B) in the region of the pineal body, a probable pathologic 
finding in a person of the age of the patient and one that should suggest pineal 
tumor. 

Ventriculography (Nov. 25, 1931).—The left ventricle, which was uppermost, 
was tapped, and fluid spurted under tremendous pressure; 75 cc. of fluid was 
aspirated and an equal amount of air injected. Both lateral ventricles were much 
enlarged, and enlargement of the third ventricle showed in the anteroposterior 
but not in the lateral view. It was suspected that the absence of air in the third 
ventricle (lateral view) was due to the injection of an insufficient amount of 
air, and because of the history of staggering gait it was decided to explore the 
cerebellum first and proceed to the pineal region at the same operation if the 
result of the first exploration was without significance. 

The ventricular fluid contained 6 cells, all of which were mononuclears. The 
Wassermann reaction was negative. 
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Fig. 1 (case 1)—(A) Photographs of the external surface and cross-section 
of the tumor, which weighed 3 Gm. The measure shown in the lower portion of 
the photograph is graduated in centimeters. (8B) Roentgenogram of the speci- 
men, showing the dense calcification that was seen on roentgen examination of 
the head. In these photographs a indicates the calcified portion and b the cystic 
portion. 


Fig. 2 (case 1).—Photograph of the operative scar, showing the site of opera- 
tion for a pineal tumor. 
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Operation (Nov. 25, 1931).—Immediately after the ventriculograms had been 
interpreted, the patient underwent operation under anesthesia induced with tri- 
bromethanol in amylene hydrate. Exploration of the cerebellum revealed nothing 
of significance. The fourth ventricle was inspected to the iter. The wound was 
closed, and a pineal flap was at once made in the right occipital region (figs. 2 and 
3). The dura was reflected mesially over the longitudinal sinus. It was not neces- 
sary to dispose of any veins crossing from the hemisphere to the longitudinal sinus. 
After the lateral ventricle was tapped and additional fluid released by gentle 
compression of the brain, the hemisphere was easily retracted. The corpus callosum 
was split perhaps three fourths of its horizontal extent. At first, no tumor was 
visible. The great vein and the two small veins of Galen were in full view. A 
small circumscribed part of the tumor was then detected just lateral to the small 
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Fig. 3 (case 1).—Roentgenogram of the skull, indicating size and position of 
bony defect. 


vein of Galen on the left and at a point near its junction with the great vein of 
Galen. With the forceps the left vein of Galen was gently stripped from the surface 
of the tumor, which was then seen to extend far anteriorly (fig. 4). Fortunately, 
the attachment of the small vein of Galen to the tumor was slight, so that it could 
be gently pushed aside. It is worthy of note that the two small veins of Galen 
were close together in their parallel course (fig. 4) ; i. e., Ahey were not separated 
as usually obtains when a tumor lies immediately beneath and is thrust between 
these vessels. 

The tumor appeared to be well encapsulated. It was picked up with the forceps 
and gently withdrawn between the small veins of Galen, which had been separated 
by cleaving the thin fibrous tissues between them—the roof of the third ventricle. 
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As the tumor was gently elevated, a transparent area came into view and was 
tapped; a few drops of fluid escaped, but the amount was too small to permit 
impression of its character or color. The capsule of the tumor was again grasped, 
and with steady traction the tumor was soon delivered from its bed. There 
remained a slight attachment posteriorly, which for the moment was left undis- 
turbed. As the tumor was delivered up to this point, the third ventricle was 
opened, and more air and fluid escaped. It could then be seen that the tumor was 


Weight ~ 3 Gm. 


Calsitied.. portion 
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Hital lobe 


Fig. 4 (case 1)—Drawings showing (A and C) the operative procedure in 
removal of a pineal tumor and (B) the appearance of the teratoma. 


attached posteriorly to the great vein of Galen by a small fibrous band; a small 
knife divided this bloodlessly. At no time during the removal of the tumor was 
there any bleeding. 

Roentgenograms then showed that the calcified shadow was absent in the pineal 
region and present in the specimen (fig. 1B). 

Macroscopic Description of the Tumor—The tumor weighed 3 Gm. It was 
roughly oval and well encapsulated, with a smooth but somewhat irregular surface. 
From the posterior and upper surfaces of the tumor a small, pear-shaped nodule 
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(about as large as a pea) projected (fig. 1A), which strongly suggested an 
enlarged pineal body. At the time the tumor was removed it was looked on as 
having arisen from the pineal body, largely because of this isolated protuberance. 
Roentgenograms showed the area of calcification to be in this part of the tumor. 


Microscopic Description—In places an ependymal lining could be segn on the 
outside of the tumor, but usually it was not evident. A heavy external layer of 
fibrous tissue indicated the capsule. The tumor contained numerous large and 
small cysts lined with low cubical epithelium, but no basement membrane. Cilia 
were visible in many places; they were clearly derived from ependymal cells. The 
basic tissue of the tumor was of loose areolar type (doubtless glia), with few 
cells; in many places it looked almost like myxomatous tissue. Throughout this 
fibrous tissue were clusters of large cells with deeply staining nuclei; the cytoplasm 
was ill defined and sent strands from cell to cell. These were characteristic pineal 
cells (fig. 5A). Clusters of smaller and more deeply staining nuclei like those 


Fig. 5.—Photomicrographs of sections taken from the three pineal tumors 
described in this paper. 


of lymphocytes were scattered throughout (second type of pineal tumor cell), 
though they were far less numerous than the large cells. 

In places were acini of high columnar cells, with basal nuclei and much cyto- 
plasm, which was sometimes vacuolated; such acini suggested the salivary gland. 
At one point there was a small island of cartilage. Many areas of calcification 
were present. 

Microscopic Diagnosis—The diagnosis was teratoma, with pineal and epen- 
dymal cells predominating. 

Further Course of the Illness—After the operation the patient was quite ill 
for ten days; he was listless and voided in bed frequently. Ventricular punctures 
were necessary for relief of the increased pressure. As the pressure began to 
diminish, the general condition improved. He then complained that he was unable 
to see. For the first time, he could see a little on the thirteenth day. At the time 
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of his discharge from the hospital, on December 14, a rough test revealed that the 
visual fields were still constricted but that there was no hemianopia (fig. 6). At 
the time of admission to the hospital vision was known to be greatly reduced, but 
the patient had been too ill for taking of the visual fields. At the time of his 
discharge the palsy of the left abducens nerve had entirely cleared, and that of 
the right was much improved. An audiometer test six days after the operation 
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Fig. 6 (case 1).—Visual fields of the patient taken two and one-half years 
after removal of a pineal tumor. It will be seen that hemianopia did not follow 
removal of the tumor. 


Fig. 7 (case 1)—Photograph of the patient two and one-half years after 
removal of a pineal tumor, which had recurred during that period. 


showed loss on both sides of the upper tones (from 3,000 to 16,000 vibrations)—a 
finding that made us wonder whether it carried significance as a localizing sign. 

Subsequent Admission to the Hospital (March 15, 1934).—The patient had 
grown at a normal rate and appeared normal (fig. 7). He had no extra-ocular 
palsy, and vision was said to have been normal. He had been playing football 
and engaged in other sports at school. He stated that he could throw a ball accu- 
rately but was unable to catch it. 
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Two weeks prior to his admission headache and vomiting reappeared; they then 
disappeared for a week and returned in much the same position as before the first 
operation. Again, diplopia, stiffness of the neck, unsteadiness on the feet and 
staggering appeared. The cerebellar region had begun to bulge. 


Neurologic Examination.—The following findings were of significance: bilateral 
fixation of the pupils; bilateral paresis of the sixth nerve, probably more marked 
on the right, and bilateral ptosis. Vision and the visual fields were practically 
normal. Visual acuity was 20/30+ in the right eye and 20/30— in the left. The 
audiometer curve, which was of interest during the first stay in the hospital, was 
unchanged. 


Operation (March 16, 1934).—A recurrent tumor was removed. Since recur- 
rence of the tumor had been regarded as improbable, the possibility of stricture 
of the aqueduct was entertained. In order to differentiate between the two condi- 


Fig. 8 (case 1).—Ventriculogram showing a filling defect in the posterior part 
of the third ventricle, due to recurrent teratoma of the pineal body. The original 
calcified pineal body was absent. 


tions, an injection of air was made. One hundred and twenty-five cubic centi- 
meters of air replaced an equal amount of fluid. The fluid was under marked 
pressure. Ventriculograms showed a large filling defect in the posterior part of 
the third ventricle (fig. 8), thus demonstrating recurrence of the tumor. The 
bone, which had healed well, was cut anew. A vein tore at the longitudinal sinus 
and had to be packed during the operative procedure. Subsequently, when the 
pack was removed the bleeding was difficult to control, and a fair amount of blood 
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was lost. The falx was tightly adherent to the mesial surface of the hemisphere. 
Everywhere, oozing followed separation of the adhesions. A dense mass of adhe- 
sions filled the split in the corpus callosum; when these were divided the recurrent 
tumor came into view. The tumor was smooth and round and, though firmly 
embedded, could be dislodged without great difficulty or trauma. Again, a small 
cyst with white gelatinous fluid (indicative of ependymal lining) was evacuated 
during the delivery of the tumor, which was accomplished by traction on the firm 
capsule. The tumor was firmly adherent to the great vein of Galen, which tore 
during the liberation of the mass. It was necessary to thrombose the entire trunk, 
but this was accomplished without difficulty or much loss of blood. The tumor 
weighed 6.9 Gm.—more than twice as much as the original tumor. 

As the patient had lost a fair amount of blood during the operation and the 
blood pressure was low, he was given a transfusion of his citrated blood that had 
been collected during the operation. This was an unfortunate procedure, however, 
for soon after its administration the blood oozed from all points, owing to the 
effect of the citrate. It was then impossible to combat the bleeding, and the patient 
died on the operating table. 

The microscopic appearance of the tumor was similar to that of the first speci- 
men, but with much more fibrous tissue. Mitoses were abundant. 

Case 2.—History.—H. S., a white woman aged 28, was admitted to the hospital 
on Aug. 29, 1935, with the complaint of headache and failing vision. 

The family and the past history were not significant. 

Present Illness—Beginning seven months prior to the patient’s admission to 
the hospital, generalized headache occurred first periodically and then more or 
less constantly. In the last three months the headache had been much improved, 
there being only constant dull ache in the frontal regoin. Three months prior 
to admission a whirring noise, like that of a motor, developed in the right ear, 
and this persisted till the time of examination. The patient expressed the belief 
that there had been some loss of hearing in this ear. Diplopia developed two 
months before, and for the last two months vision became progressively worse. 
On two occasions the left upper eyelid drooped for a period of half an hour or 
more. There were staggering gait and difficulty in control of the finer movements 
of the hands and arms during the past two months. The patient was generally 
weak but had no paralysis. 

Physical Examination—The patient was well nourished and well developed. 
The blood pressure was 128 systolic and 80 diastolic. 

Neurologic Examination.—There were papilledema of 5 diopters in each eye- 
ground and numerous flame-shaped hemorrhages in the right. The visual fields 
were normal for form, but no colors were distinguished except with central vision. 
Visual acuity was 20/40 in the left eye and 20/200 in the right. The pupils were 
dilated and reacted feebly to light. There was slight, quick lateral nystagmus to 
either side, but no extra-ocular palsy. The corneal reflexes, though still present, 
were diminished on both sides. Hearing was somewhat lost in the right ear and 
was normal in the left. Knee kicks were exaggerated on both sides, more so on 
the right. The patient staggered somewhat when walking, but the Romberg sign 
was absent. 

Diagnosis —The diagnosis was tumor of the brain of undetermined location. 


Trephine and Injection of Air (Aug. 31, 1935).—One hundred and twenty-five 
cubic centimeters of fluid was removed from the ventricular system and an equal 
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amount of air injected. The fluid was under tremendous pressure. Ventriculo- 
grams showed a filling defect in the posterior part of the third ventricle (fig. 9) ; 
both lateral ventricles and the anterior part of the third ventricie were greatly 
dilated. 

Operation (Aug. 31, 1935).—A pineal approach was made in the right parieto- 
occipital region. The right hemisphere was retracted from the falx without diffi- 
culty. The corpus callosum was exposed and divided. The third ventricle was 
reached anteriorly; its roof was at once perforated, and a large amount of fluid 
and air escaped, thus reducing the intracranial pressure. Even then there was 
inadequate room, so that in exposing the region of the tumor undue pressure had 


Fig. 9 (case 2).—Ventriculogram showing a filling defect in the third ventricle, 
similar to that in case 1, due to a pineal tumor. 


to be made on the cerebral hemisphere. One could then see the bulging tumor 
in the region of the great vein of Galen. The small vein of Galen on the right 
was torn in the attempt to dissect it from the tumor; bleeding from this tear was 
finally controlled by electrocautery, though with some difficulty. A little later 
during the dissection the great vein of Galen, which was densely adherent to the 
tumor, was torn, and it was even more difficult to isolate and thrombose this vessel. 
Finally, because there was inadequate room, it was necessary to resect quickly 
the right occipital lobe (fig. 10). Extirpation included part of the parietal lobe, 
for the transverse plane of the cerebral section was on a level with the great vein 
of Galen and passed through the anterior part of the posterior horn, exposing the 
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glomus of the choroid plexus. Little bleeding attended this extirpation. The 
tumor projected so far posteriorly that it was necessary to resect the tentorium 
(fig. 10). It could then be seen that the great vein of Galen actually traversed 
the tumor, and since it had already been thrombosed and divided and additional 
room was required because the tumor was so large, the incision was made in the 


_ Portion of falx and 
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Fig. 10 (case 2) —Drawings illustrating the method of producing more ade- 
quate exposure of a large tumor in the pineal region. When the ventricles are 
relatively small or the tumor is relatively large, the only possibility of carefully 
extirpating the growth is excision of the posterior part of the hemisphere to 
provide room. 


A shows the relative size and position of the tumor, which extended backward 
under the tentorium and dislocated the cerebellum; B indicates the amount of the 
posterior pole of the brain that was removed for the exposure, and C, the method 
of removing, when necessary, the lower part of the falx, parts of the right and 
left sides of the tentorium and the straight sinus. The caudal pole of an extensive 
tumor of this kind cannot be reached without this additional exposure. It will be 
noted that the straight sinus and the great vein and both small veins of Galen are 
included in the extirpation. 
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falx and carried backward to the straight sinus, which was closed by a trans- 
fixion suture of silk and divided. The incision was then carried forward into 
the left side of the tentorium, thus removing a large section of dura overlying the 
tumor. The tumor was then in full view. The posterior part was dissected away 
from the cerebellum, into which it protruded but did not infiltrate (fig. 10). The 
tumor was soft and had a thin capsule which permitted no pull. However, by 
traction with the spatula it was possible to dissect the tumor from its bed in the 
quadrigeminal plate and to enucleate it completely. It extended far forward and 
projected deep into the third ventricle, which it filled completely. During its 
removal the mass broke into many fragments, but no gross tumor remained. 
Several small bleeding vessels were thrombosed in the neighborhood of the left vein 
of Galen. 


Since the third ventricle was widely open and had been subjected to sponging, 
subsequent cicatrization was thought to be a distinct possibility. In removing the 
tumor, much of it was aspirated through the suction tube. Its soft, cellular nature 
made it possible to remove much of the interior in this way. The weight of 
the tumor that was collected, which was but a small fragment of the whole, was 
2 Gm. I estimate that the weight of the tumor was about 15 Gm. 


Fig. 11 (case 2).—Photograph of the patient after operation, showing results 
of severe temporary involvement of all the extra-ocular muscles. 


Postoperative Course——The patient was drowsy and listless for a number of 
days after the operation. Intracranial pressure continued to be high and was 
relieved by ventricular punctures during the next three weeks. The patient was 
blind for several days after operation. Vision gradually returned, and at the time 
of her discharge from the hospital, on September 28, one month after operation, 
visual acuity in each eye was the same as that at the time of admission. There 
was, in addition, left homonymous hemianopia. Colors were not recognized. All 
the extra-ocular movements were restricted but not completely lost (fig. 11) ; they 
had steadily improved during the last week. The patient was disoriented for 
three weeks but became normal in this respect before her discharge from the 
hospital. Improvement was rapid in every way during the last week. 

On Nov. 15, 1935, the following letter was received from her husband: “Until 
last Friday we had much hope for my wife. On that day Dr. ————, of this 
city, told me that it was only a matter of time until she died. Doctor, it is tough 
to see and hear her talking and laughing and know that she has to die. Isn't 
there something we can do for her?” 

A letter was sent in reply to learn in what way she was troubled, and I was 
advised that she died on Dec. 1, 1935. Permission for autopsy was not obtained. 
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Microscopic Diagnosis—The diagnosis was pure pinealoma (fig. 5B). 

Case 3.—History.—R. P., a youth aged 15, was admitted to the hospital on 
Sept. 28, 1935, with the complaint of headache, vomiting and diplopia. 

The family and the past history were not significant. 


Present Illness—When the patient was 8 or 9 years old (six years prior to his 
admission) he had periods of severe headache, lasting for several hours and 
occurring at irregular intervals, but never more frequently than once or twice a 
week; they were accompanied by vomiting. Four years before he had a fainting 
spell, but no more information could be elicited; apparently it was not a clonic 
convulsion. During the past year he was almost free from headache, until two 
months prior to admission, when the attacks became severe, occurred almost daily 
and were associated with vomiting; they were generalized but were worse in 
the occipital region. At about the same time diplopia appeared, and this had 
remained since. It was noticed that the patient held his head tilted backward 
and at times complained of pain and stiffness in the neck. He was also said to 
have walked stiff-legged, but apparently he did not stagger. Photophobia was 
present during the last two months. At first, he carried on a more or less normal 
life and was able to play golf. The symptoms gradually became more severe, 
and a month before his admission he entered another hospital, where he remained 
for three weeks, at the end of which time he was discharged. Immediately on 
reaching home, he became much worse and was irritable and drowsy. He was 
readmitted to the hospital. Lumbar puncture was performed, but no improvement 
resulted. He then came to Baltimore. On the way he became disoriented, 
screamed with pain, was extremely listless and talked incoherently. 

Physical Examination —The patient was well nourished and of normal develop- 
ment. He was acutely ill. 


Neurologic Examination—The neurologic examination was difficult because 
of the patient’s condition. Any attempt at examination made him combative. He 
saw fingers with either eye. The pupils reacted to light. There was probably 
slight weakness of the left side of the face of the central type. An audiometer 


test could not be made. There was marked gross tremor when the hands were 


used, and the left arm and leg appeared to be somewhat weaker than the right. 
The biceps and triceps reflexes and the knee and ankle jerks were extremely hyper- 
active, but more on the left than on the right. Abdominal reflexes were not 
obtained. There was a definite Babinski sign on the left and an equivocal one 
on the right; no ankle clonus was present. The eyegrounds could not be examined 
until the patient was under anesthesia, when high grade papilledema (5 diopters) 
was found on both sides; there were no hemorrhages. 


Trephine and Injection of Air (Sept. 28, 1935).—One hundred and fifty cubic 
centimeters of fluid was removed from the right ventricle, which was lowermost, 
and 130 cc. of air was injected. The ventricular system was enlarged; this 
included thie anterior half of the third ventricle. There was a filling defect in 
the posterior half of the third ventricle (fig. 12), indicating the location of the 
tumor to be in the pineal body. The ventricular fluid was clear and contained no 
cells or globulin. A small area of calcification showed in the region of the 
pineal body (figs. 12 and 13). 


Operation (Sept. 28, 1935).—A pineal tumor was removed. Immediately after 
the ventriculograms had been read, the patient was placed under anesthesia with 
tri-bromethanol in amylene hydrate, and a pineal approach was made on the right 
side. The corpus callosum was split practically its entire length. Fluid oozed 
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from the subarachnoid spaces surrounding the corpus callosum in large amounts. 
Finally, the third ventricle was exposed anteriorly and was punctured. An abun- 
dance of fluid escaped, providing ample room for the attack on the tumor, which 
was immediately beneath the corpus callosum (fig. 14). The tumor was white, 
slightly pink, hard and perfectly encapsulated (fig. 15). The small vein of Galen 
could be seen skirting the right side of the tumor and, of course, running in a 


Fig. 12 (case 3).—Lateral ventriculogram showing the degree of hydrocephalus 
and the filling defect (indicated by the arrow) in the posterior part of the third 
ventricle. The curved line marks the anterior border of the pineal tumor. There 
was some calcification in the tumor, and this has been intensified in the sketch. 


longitudinal direction; it could be observed as it entered the great vein of Galen 
and for about 3 cm., where it turned to the region of the foramen of Monro. 
The small vein of Galen on the left could be seen near the great vein (fig. 14). 
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It arched around the tumor and was lost to view. An attempt was made to 
strip the small vein of Galen on the right, but it was bound too tightly to the 
tumor and finally had to be thrombosed with the cautery and divided at the 
anterior and posterior pole of the tumor. The capsule of the tumor was then 
incised, and an attempt was made to extirpate its contents with the curet. The 
tumor was much too hard, however, and nothing could be accomplished by this 
attempt. The small area of calcification that showed in the roentgenogram was 


Calcificatla 
pineal 


Fig. 13 (case 3).—Antercpesterior ventriculogram showing the proportionately 
enlarged, mesially placed third ventricle. Only the lateral ventriculogram, with its 
filling defect, can differentiate a tumor of the pineal body and one of the cere- 


bellum. The position of the area of calcification in the midline of the tumor is 
evident. 


soon encountered, in the posterior part of the tumor (fig. 15). The cutting loop 
of the cautery was not used, because the «pplication of heat to the brain stem 
was feared. The firmness of the capsule, however, made it possible to dislocate 
the tumor by exerting traction on it, and gradually the tumor was elevated and, 
after much blunt and sharp dissection, was lifted from its bed. It was firmly 
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embedded in the underlying quadrigeminal plate. Gradually, the left vein of 
Galen came into view, and it was possible to withdraw the tumor from it with- 
out injury. The entire growth lay on the roof of the third ventricle, which was 
not opened, except anteriorly, where a puncture was deliberately made in order 
to relieve the excess of cerebrospinal fluid. The part of the tumor attached to 
the roof of the third ventricle was much less firmly fixed than the portion 
attached posteriorly. The dense attachment to the quadrigeminal plate required 


of Galen 


Fig. 14 (case 3).—Operative sketches of a pineal tumor in position in the brain 
and of the tumor after removal. The small vein of Galen on the right was 
sacrificed. 


numerous applications of fine-pointed scissors and the scalpel before the delivery 
of the tumor was accomplished. The great vein of Galen was at no time injured. 
The tumor bulged a little more to the left than to the right. There was almost 
no bleeding during the removal of the tumor, for its attachments were bloodless. 
A tiny oozing at the end was traced to a small artery, which was thrombosed with 
the cautery. The wound was closed without drainage, and the dura and bone 
were accurately restored. 
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The tumor weighed 4 Gm. (fig. 15). It was solid everywhere and had slight 
nodulations on its surface. Histologically, it was a typical pinealoma (fig. 5C). 


Postoperative Course-——The general condition of the patient steadily improved. 
Ventricular punctures were required for seven days. On the second day the 
patient was thought to be blind, but the pupils reacted slightly to light. There 
appeared to be weakness in the left arm and leg, although both were used; this 
seemed a little more evident than before operation. The patient remained totally 
blind until the seventh day after the operation, when he recognized light and 


A 


Fig. 15 (case 3).—Photographs of the tumor after removal. A shows a cross- 
section, B a surface view and C a roentgenogram of the tumor, revealing the area 
of calcification. The size of the tumor is indicated by the metric tape. The 
weight was 4 Gm. 


Fig. 16 (case 3).—Photograph of the patient shortly before his discharge from 
the hospital. Conjugate deviation and ptosis were due, no doubt, to edema of 
the underlying midbrain. 


movements of the hand. He sat up on the twelfth day. Vision steadily improved. 
The mental condition was clear. He was discharged from the hospital on Oct. 
12, 1935. Extensive impairment of the extra-ocular muscles and the state of 
vision were described by Dr. Alan Woods as follows: 

“There was conjugate deviation of the eyes to the right (fig. 16); they could 
be brought back to the midline independently or together, but no lateral motion was 
possible to the left side. Elevation of the eyeballs and the upper lids was poorly 
performed; immediately, conjugate deviation of the eyes to the right recurred. 
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The pupils were dilated and showed only the faintest suggestion of reaction to 
light. Visual acuity on the right was 20/70, and on the left only movements of 
the hand were perceived. There was complete homonymous hemianopia [fig. 17].” 

I next saw the patient on Dec. 2, 1935, at which time the accompanying photo- 
graph was taken (fig. 184). The Romberg sign was absent. He could walk 
without staggering. He had no headache and was cheerful and normal mentally. 
The following report on vision and the extra-ocular muscles was made by 
Dr. Alan Woods: 

“The eyes were normal externally, except for rather widely dilated pupils, 
which reacted sluggishly to light. Extra-ocular movements showed failure of 
the left eye to converge, but adduction was normal and lateral movements were 
normal in every direction, except for the almost abolished upper gaze. Left 
homonymous hemianopia still persisted. 

“Ophthalmoscopic examination showed clear media in both eyes. The disks 
were flat and of good color, without manifest atrophy, but above and below each 
disk was residual indication of ‘shot-silk’ retinitis. 
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Fig. 17 (case 3).—Visual fields for form and color, taken with a 1 degree 
test object, showing homonymous hemianopia, which not infrequently follows 
removal of a tumor in the region of the pineal body and third ventricle. It is 
doubtless due to traction on the cuneus and is permanent. 


“The manifest refraction of each eye was—0.37 sph., with which correction 
vision was 20/20. 

“Tests for muscle balance revealed exophoria of approximately 1 degree for 
distant vision and of 9 degrees for near vision. 

“Diagnosis: At the time of writing the boy presented a rather typical picture 
of pineal lesion, with involvement of the quadrigeminal plate below, resulting 
in limitation of upward gaze and disturbances in motility of the pupillary 
sphincter, due to interruption of fibers to the superior colliculus. The lesion was 
undoubtedly on the right side, for it probably involved the middle branch of the 
optic tract to the external geniculate body. All evidence of choking of the disk 
had disappeared, as had conjugate deviation of the eyes.” 
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DIAGNOSIS OF PINEAL TUMOR 


The diagnosis of a pineal tumor by neurologic signs and symptoms 
is only occasionally possible. The most significant disturbance is limita- 
tion of the upward gaze, the objective evidence of which is ptosis 
(fig. 19), usually bilateral but at times unilateral; it may be inconstant, 
particularly in the beginning. Although not a pathognomonic sign, for 
in some instances a tumor placed anteriorly in the posterior cranial fossa 
also causes ptosis, it places the burden of proof on tumor other than that 
of the pineal body. Since in most cases a pineal tumor causes stagger- 
ing gait, the differential diagnosis of this type and a tumor of the cere- 


Fig. 18 (case 3).—Photograph of the patient taken three (A) and four (B) 
months after operation. Extra-ocular palsy has disappeared. 


bellum is always one of great difficulty, and since cerebellar tumor is 
very common and pineal tumor relatively infrequent, the law of proba- 
bility has often led to cerebellar exploration, which yielded negative 
results. The most common clinical story in this series of cases was 
headache, nausea, vomiting, diplopia and bilateral papilledema—in other 
words, the signs and symptoms of tumor of the brain, without signs of 
localization. Fixation and dilation of the pupils were noted in two 
patients ; this condition is probably one of the most important localizing 
signs; it is also found in cases of tumor of the third ventricle. Three 
of the patients complained of unilateral tinnitus (one with partial deaf- 
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ness). The incidence of this symptom is too great to be dismissed as 
a coincidence. 

The ages of the ten patients in this series were 10, 11, 12, 13, 15, 17, 
28, 28, 30 and 36 years; in nearly two thirds of the cases, therefore, 
operation was performed during the period of youth. The earliest 
symptoms of the existence of a tumor developed in one patient at the 
age of 9 years; in this case the tumor did not cause dangerous symp- 
toms until six years later. Seven of the patients were males, and three 
were females. All of the six tumors occurring before the twentieth 
year were in males. <A larger series of cases will be necessary to deter- 
mine whether these striking figures in relation to age and sex are sig- 
nificant. 


Fig. 19.—Photograph showing the degree of bilateral ptosis, which is frequently 
the most significant neurologic finding in cases of pineal tumor. 


Perhaps the most noteworthy localizing sign is an area of calcifica- 
tion in the pineal region of children (figs. 1, 12, 13 and 15). After 
the age of 20, calcification of the pineal body is an expected and non- 
significant finding, unless it is of unusual size or intensity. But during 
youth calcification of the pineal body, while not entirely trustworthy, 
strongly suggests a tumor and the larger and more dense the shadow 
the greater the reason for assuming that there is a neoplasm. In four 
of six children in the present series there was a striking shadow in the 
pineal region. Curiously, in none of the four adults was the shadow 
greater than one finds in the normal condition. The area of calcification 
is therefore significant only in children. The most extreme shadow that 
I have seen in this region was one in a case of tumor of the choroid 
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plexus lying in the third ventricle. Tumor in the third ventricle casts 
a shadow in over two thirds of the cases and in practically the same 
position, so that the differential diagnosis of tumor of the pineal body 
and tumor in the third ventricle cannot be made on the basis of the 
roentgenographic findings. For practical purposes, however, this is not 
important, for the two require identically the same operative attack. 

A precise diagnosis of pineal tumor is probably always possible by 
ventriculography, but to accomplish this end perfect visualization of the 
third ventricle is necessary. This is never difficult, because the ven- 
tricular system is always greatly enlarged. That one may be assured 
that the third ventricle will be clearly shown, the fluid in the entire 
ventricular system must be exhausted and replaced by air; otherwise, 
the air takes the course of least resistance and passes into the larger 
cavity, the lateral ventricle. Two ventriculographic changes are prob- 
ably always in evidence—a filling defect in the posterior part of the 
third ventricle (figs. 8, 9 and 12) and absence of the suprapineal recess 
—always a striking space when present. I am not prepared to state 
that every pineal tumor encroaches on the third ventricle and thus pro- 
duces a filling defect, but in all the cases that I have observed, it has 
done so. Every pineal tumor must obliterate the suprapineal recess. 

Since the suprapineal recess is not always normally present, one 
cannot be certain that the absence of this space means the presence of a 
tumor in this region. But given a suprapineal recess in the ventriculo- 
gram, one can be certain that a pineal tumor is not present and that 
there is either a cerebellar tumor or a stricture of the aqueduct of 
Sylvius—a lesion by no means uncommon. Therefore, while the absence 
of the suprapineal recess is significant in a positive way, its presence 
is pathognomonic in a negative way in excluding the possibility of a 
pineal tumor. However, since in all the cases of pineal tumor that I 
have observed a filling defect has been shown in the third ventricle, the 
obliteration of the pineal recess is of secondary importance. 

To obtain perfect filling of the ventricular system, it is necessary 
only to exhaust the fluid from the lowermost ventricle. It has been 
stated by enthusiasts for the use of liquids producing opaque shadows 
(such as thorium dioxide and iodized poppy-seed oil) that the employ- 
ment of these solutions is especially advisable in the differentiation of 
tumors in this region because ventriculography (with air) is frequently 
ineffective. Such a statement is only an admission that the injection of 
air was not properly made. There is no tumor of the brain causing 
intracranial pressure, and this includes tumor of the pineal body and 
tumor of the third ventricle, that cannot be accurately localized by ven- 
triculography. There is never, therefore, in my opinion, justification 
for the use of opaque material as a means of diagnosis or localization 
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of any tumor of the brain. It need scarcely be added that spinal injec- 
tions of air contribute little or nothing to the localization of such a 
tumor. Always dangerous when intracranial pressure exists, spinal 
injections of air are particularly so when the brain stem is contiguous to 
the tumor. 

OPERATIVE PROCEDURE 


The operative attack on pineal tumor is, with minor improvements, 
essentially the same as that described in the earlier publication. The 
size of the bone flap is smaller and is situated perhaps a little more 
posteriorly (figs. 2 and 3). The anterior margin of the cerebral expo- 
sure is situated well back of the rolandic vein (fig. 10), and the pos- 
terior margin is from about 4 to 5 cm. anterior to the transverse sinus; 
the usual posterior perforator opening used in ventriculography forms 
the posterior limit of the cranial defect. The mesial border of the 
incision in the skin is in the exact midline, and the mesial incision in the 
bone is made at the outer edge of the longitudinal sinus. Fortunately, 
this part of the sinus rarely bleeds when uncovered, and with the reduc- 
tion in the size of the bone flap one can approach the midline directly 
and without the need of subsequent use of the rongeur. Veins from 
the cerebral hemisphere to the longitudinal sinus are now much more 
easily handled by coagulation with the electrocautery (fig. 10). Fre- 
quently, there are no such veins, but there may be as many as four or 
five in the field. If a fairly large vein should be situated well anteriorly 
and should be placed on a stretch when the hemisphere is separated 
from the falx, it is usually safer to coagulate it and divide it in the 
beginning than to run the risk of subsequent tear that would be more 
difficult to control and, in addition, might well interrupt the extirpation 
of the tumor at a critical time. 

The corpus callosum is split longitudinally from its posterior extrem- 
ity to a point anteriorly where the third or the lateral ventricle comes 
into view; this incision is bloodless. Usually this incision takes most, 
and sometimes all, of this structure to its downward bend (figs. 4 and 
12). No symptoms follow its division. This simple experiment at 
once disposes of the extravagant claims to function of the corpus 
callosum. 

The so-called cerebellar position with the patient recumbent and the 
face toward the floor is best, because there is need for less retraction 
of the cerebral hemisphere. The amount of room available for the 
direct attack on the tumor is in proportion to the size of the lateral 
ventricles, which, of course, are always greatly enlarged, owing to the 
obstruction by the tumor at the aqueduct of Sylvius. 

Evacuation of fluid from the ventricular system is perhaps the most 
essential part of the operative procedure. Fortunately, both enlarged 
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lateral ventricles may be emptied through a single puncture which may 
be made into the anterior horn of either lateral ventricle (usually the 
left) or into the anterior part of the third ventricle. It makes little 
difference at what point the puncture is made. However, a large open- 
ing in the roof of the third ventricle should be avoided because of the 
danger of sponging and injuring the iter. One of the differential 
points between tumor of the pineal body and tumor of the third ventricle 
may be that the former (at times only) grows forward over the roof 
of the third ventricle and the latter, of course, is always under it. 
Preservation of the roof of the third ventricle greatly facilitates the 
subsequent flow of fluid through the sylvian aqueduct and therefore 
shortens the period of convalescence. After the ventricular fluid is 
released to the utmost, the opening is packed loosely with cotton to 
preclude the entrance of blood, for a hematoma extending to the remote 
recesses of the lateral ventricle could not be retrieved. Hydrocephalus, 
although always present, varies considerably in degree (figs. 8, 9, 12 
and 13). The ventricles are always larger in young persons and in 
patients with a long-standing tumor that has acted as a ball-valve for a 
time, i. e., in patients with periodic headache and vomiting. The tumors 
in this series ranged from 3 to 18 Gm. The size of the operative field 
at the site of the tumor may be greatly reduced by the large tumor ; 
usually, too, a larger tumor develops more rapidly, blocks the aqueduct 
more promptly and therefore is associated with smaller lateral ven- 
tricles at the time of operation. Under such circumstances, there is 
only one possible way of producing more room—excision of the occipital 
and part of the parietal lobe, as in case 2 (fig. 10). This we were 
forced to do in four of the series of cases. Removal of the occipital 
lobe is the easiest of all lobe resections, because there are usually no 
large veins (the veins entering the lateral sinus at the mastoid are 
avoided) and only the posterior cerebral artery requires ligation. With- 
out this expedient there is no possibility of carefully extirpating a 
tumor, for each forceful retraction of the cerebral hemisphere produces 
trauma that quickly swells the brain and reduces the field of operation. 
Needless to say, the infliction of cerebral trauma by operative approach, 
when the injury is superimposed on trauma at the site of the tumor, 
leaves little hope that the patient will survive. Sacrifice of the right 
occipital lobe (because of the possible need of. sacrificing an occipital 
lobe of the brain the operative exposure is always made on the right 
side) adds more than the necessary room and brings the major part 
of the tumor directly into view, permitting the operator to use both 
hands to extirpate the growth. 

The need at times of splitting the tentorium longitudinally or the 
falx vertically and retracting the flaps with sutures of silk has been 
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stressed in the earlier publication. Resection of part of either struc- 
ture, or of both, may even be necessary, as in case 2 (fig. 10). 

Two factors make the removal of a pineal tumor much more hazard- 
ous than that of a tumor of the third ventricle: the tight adherence to 
the quadrigeminal plate and the much greater intimacy with the veins 
of Galen. Tumor of the third ventricle is usually only marginally 
attached at the lateral and posterior borders to the roof of the ven- 
tricle and below this merely lies loose in the ventricle, thus making it 
unnecessary to injure the midbrain or quadrigeminal bodies in the 
removal. But the entire inferior surface of a pineal tumor is firmly 
embedded in and tightly adherent to the quadrigeminal plate (fig. 20). 
Moreover, such a tumor is usually oval, with the long diameter in a 
longitudinal direction, thus increasing the area of the adherent surface. 


B Top view ee 


Fig. 20.—Photographs of a pineal tumor. The specimen shown in A was 
totally enucleated, with a section of the tentorium, including the straight sinus and 
the great vein of Galen, which passed through the growth. The shriveled dura 
is seen extending from the tumor; the narrow neck is the great vein of Galen. 
B illustrates another specimen in which the great vein of Galen and the two small 
veins passed directly through and were inseparable from the tumor. 


The great vein and the small veins of Galen always lie on a tumor 
of the third ventricle, but usually the attachment is not difficult to 
separate and at least one of the veins can be spared. But these veins 
are usually firmly bound to a pineal tumor and frequently grow into 
it (fig. 20). In fact, the great vein of Galen had penetrated and was 
inseparable from the pineal growth in most of the specimens that I 


exposed at operation (an example of this venous relationship is shown 
in figure 20). 
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Liberation of the great vein of Galen and the small vein of Galen 
on the right (that on the left is not visible at first because it lies 
beyond the curvation of the tumor) is necessary before enucleation of 
the tumor can be attempted. This may or may not be possible. When 
the great vein or its smaller divisions actually traverse the tumor, the 
operator has no choice other than ligation or thrombosis and division 
of the great vein of Galen as it leaves the tumor to enter the straight 
sinus and of the small veins of Galen as they enter the anterior pole 
of the tumor. But every effort should be made to spare these vessels 
before resorting to their destruction. Since it was realized that the 
entire internal venous system of the brain has its outlet through the 
great vein of Galen, its sacrifice was at first thought to be incompatible 
with life, although there was no precedent on which such a belief could 
be established. That none of the first patients who had undergone 
removal of a pineal tumor survived was not proof that the loss of the 
veins of Galen was the cause, for other factors may have been and 
actually were responsible. However, the burden of proof rests strongly 
on one who denies that this venous system is necessary to lite, or at least, 
to the anatomic and functional preservation of the brain. Instances of 
thrombi of the straight sinus or the great vein of Galen have, indeed, 
been reported, but the complete eradication of the major part of these 
venous trunks is different from the formation of a cicatrix which may 
allow some restoration of function by collateral channels. Gradually, 
from the removal of tumors of the third ventricle it was learned that 
one small vein of Galen could. be sacrificed without apparent functional 
loss (fig. 14). Indeed, it is no simple task to avoid injury to and con- 
sequent loss of one small vein of Galen. Although there is less danger 
of injury to the more distant (left) small vein, its preservation is no 
mean accomplishment. When intracapsular enucleation of much of 
the tumor is possible, the loosened capsule can be withdrawn and dis- 
sected from the vein, after which the vein remains fairly distant from 
the field of operation. The near (right) small vein, on the contrary, 
continues to lie in the line of operative attack and, though protected 
by moist cotton, is susceptible to operative trauma. The second case in 
this series of cases of pineal tumor is proof that both the small veins 
of Galen, the great vein of Galen and at least a third of the straight 
sinus can be removed without apparent loss of cerebral functions 
(fig. 10). 

After the veins of Galen were disposed of, no large vessels were seen 
to enter any pineal tumor that has come under my observation. A 
few tiny arteries and veins enter from the pia covering the quad- 
rigeminal bodies, but one easily disposes of them by packing with moist 
cotton or by electrocoagulation. However, in some instances the tumor 
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is quite vascular, and the suppression of blood within the tumor—when 
intracapsular enucleation is employed—may be tedious and difficult. 

The most serious problem in disposing of pineal tumor is freeing 
the tumor from its bed in the quadrigeminal plate. Too deeply situated 
to be reached with the fingers, the growth must be liberated with 
instruments. This is just as well, for enucleation with the finger would 
cause trauma incompatible with the preservation of life or function. 
The dangers would be precisely the same as those attending the removal 
of a tumor of the acoustic nerve. Slow, painstaking extirpation of 
the tumor from its bed is facilitated greatly if intracapsular enucleation 
is possible and the capsule is strong enough to support traction with 
forceps. If one or both of these contributions are possible, traction is 
made upward from the under-surface of the anterior pole of the tumor 
with the left hand, and the underlying attachments are liberated by 
cautious blunt dissection or are divided by the knife and scissors with 
the right hand. The field must, of course, be constantly dry so that 
no step is made in the dark. Usually the tumor extends so far pos- 
teriorly that additional exposure is required. This is provided by 
cutting the right side of the tentorium for some distance in a posterior 
direction and reflecting the mesial cut border over the straight sinus 
by a traction suture (fig. 10). 

Three important sequelae are usual after the successful operative 
removal of such tumor: intracranial pressure, blindness and extra- 
ocular palsy (figs. 11 and 16). All these complications are due to 
edema of the tissues from which the tumor has been liberated, and, if 
actual injury has not been inflicted, are transient. Although at the 
time these disturbances are terrifying to the surgeon and patient, they 
all begin to disappear at about the same time, i.e., a week or ten days 
after the operation. 

The acute intracranial pressure is, of course, due to the edematous 
closure of the aqueduct of Sylvius. Treatment with ventricular punc- 
ture is repeated as often as the condition demands—usually three or 
four times a day. 

Blindness results from edema of the centers of vision in the superior 
colliculi and the external geniculate bodies. In the early stages of 
visual return, vision may be present one moment and gone the next, 
but soon thereafter it is as good as it was before the operation. 

It is also of interest that in two of the three instances reported in 
this paper (cases 2 and 3) a sharply defined homonymous hemianopia to 
the contralateral side remained permanently (fig. 17). In case 1 the 
perimetric fields were subsequently normal for both form and color 
(fig. 6). This sequel of the operation has also been observed in two 
cases in which tumor of the third ventricle was removed. Although it 
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is conceivable that injury of the external geniculate body may be 
responsible, this explanation seems hardly probable, for blindness of 
this origin resulting from traumatic edema clears a few days after 
operation. Moreover, there is scarcely less trauma to one external 
geniculate body than to the other. It appears much more probable 
that the hemianopia results from retraction of the cuneus during the 
operation. 

Disturbance of the function of the extra-ocular muscles is doubt- 
less due to edema of the nuclei of their nerves and the central path- 
ways in the midbrain. . Usually the extra-ocular palsy is unequal on the 
two sides. As a result, the position of the two eyes is markedly 
different, and their actions may not be correlated. Conjugate deviation 
resulted in one case (fig. 16). Restriction of the upward movements 
of the eyeball—an important diagnostic sign of pineal tumor—was 
apparently not present in case 3 at the time of admission but has per- 
sisted to date, so that the return of extra-ocular muscular function may 
not be complete. Perhaps this represents the degree of permanent 
injury resulting from the extirpation of the tumor. It has never been 
clear how this limitation of movement could be effected alone, i. e., 
without similar loss in the remaining extra-ocular movements referable 
to the oculomotor nerve. 


SUMMARY AND CONCLUSIONS 


Three patients with tumor of the pineal body survived extirpation— 
seemingly total. One patient died three months later (cause undeter- 
mined) ; in the second patient the tumor recurred in two and one-half 
years, and the third patient is living and apparently well four months 
later. 

In most cases a pineal tumor causes only signs and symptoms of 
intracranial pressure, due to occlusion of the aqueduct of Sylvius. 

Important localizing signs occurring at times are ptosis, usually 
bilateral, limitation of the upward movements of the eyes and fixation 
and dilatation of the pupils. 

In none of the ten cases were there any disturbances of endocrine 
character. 

Perhaps the most important objective evidence of a pineal tumor 
in young children—but not in adults—is calcified shadow. 

Precise localization in all cases of pineal tumor can be made by 
ventriculography. The pathognomonic changes are a filling defect in 
the posterior part of the third ventricle and obliteration of the supra- 
pineal recess. 

Six (60 per cent) of the ten tumors in this series were in children 
between 10 and 17 years of age. 
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The weights of the tumors ranged from 3 to 18 Gm. 

A pineal tumor is exposed by an occipital approach, separation of 
the right cerebral hemisphere from the falx and splitting of the corpus 
callosum. 

In cases of large tumor in which the ventricles are smaller, resection 
of the posterior part of the right cerebral hemisphere is necessary. 
This method was used in four cases (in three of which the outcome 
was fatal and in one, successful). 

Transient blindness and subtotal paralysis of all the extra-ocular 
muscles followed operation in each of the three cases in which the 
intervention was successful. These disturbances disappeared a week or 
ten days later. They were doubtless due to edema resulting from 
trauma to the quadrigeminal plate, in which the tumor is always firmly 
embedded, and to the underlying brain stem. 

Left homonymous hemianopia may or may not follow and be 
permanent. It is probably due to compression of the cuneus during 
the separation of the hemisphere at operation. 
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INTESTINAL OBSTRUCTION PRODUCED BY 
MESENTERIC BANDS 


IN ASSOCIATION WITH FAILURE OF INTESTINAL ROTATION 


ELMER G. WAKEFIELD, M.D. 
AND 
CHARLES W. MAYO, M.D. 
ROCHESTER, MINN. 


During the embryonic development of the human intestine wide 
change in position takes place before the adult arrangement is obtained. 
This change in position is designated as rotation. The exact reason 
for rotation is not known; in fact, embryologic investigations, which 
consisted of the study of developing embryos 5 mm. cr more in length, 
have indicated that no physiologic reasons are known. Rotation is sec- 
ondary to the herniation of the midgut into the umbilical cord and 
apparently is the result of the physical forces inside and outside the 
hernial sac and of the differences between the physical properties of 
the small intestine and those of the large intestine at the time they are 
“sucked back” into the abdomen. 


If a patient whose intestine has failed to rotate regularly presents 
certain digestive difficulties, the nature of these disturbances should 
indicate the physiologic function which results from the special anatomic 
arrangement produced by changes in position of the intestine during 
development. There are no clinical data, however, which indicate that 
this special anatomic arrangement obtained through rotation is neces- 
sary. Failure of intestinal rotation, per se, does not produce digestive 
derangement. The fact remains that failure of intestinal rotation is a 
congenital anomaly, and for this reason one may expect it to be accom- 
panied by other congenital anomalies capable of producing digestive 
disorders. 

Congenital anomalies associated with failure of intestinal rotation 
and capable of producing serious digestive disorders are known to exist. 
There are two groups of these anormsxiies: (1) the group in which there 
is failure of fixation of the small intestine, making possible volvulus 
of the entire mass of the intestine in a clockwise or counter-clockwise 
direction about the mesenteric pedicle, and (2) the group in which there 
are persistent congenital mesenteric bands producing intermittent or abso- 
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lute intestinal obstruction. Gardner and Hart * reported 2 cases in which 
the condition was of the first type and collected reports of 105 cases 
from the literature. In 88 of the 105 cases the condition was the 
result of volvulus of the entire mesentery, and in 10 cases there was 
obstruction of the transverse colon which resulted from reverse rotation. 
In 7 cases the obstruction was of the second type—obstruction of the 
intestine as a result of mesenteric bands or abnormal intestinal fixation. 

It appears to us that volvulus of the entire mass of the small intes- 
tine about the mesenteric pedicle which produces obstruction is more 
likely to arouse interest and be recorded than a mesenteric band which 
produces intestinal obstruction. The term mesenteric band has been 
so commonly used to designate any and all sorts of bands in the abdo- 
men that it is perhaps no more descriptive than the term adhesion. 
A mesenteric band is always congenital and is never the result of peri- 
tonitis. It may occur anywhere throughout the extent of the primitive 
mesentery. In this study we shall present evidence, first, that mesen- 
teric bands frequently accompany failure of rotation of the intestine ; 
second, that these mesenteric bands have definite function during the 
period of normal development, and, third, that the maintenance of these 
normal embryonic functions after birth may produce intestinal obstruc- 
tion. The plan of the study includes consideration of (1) the general 
aspects of congenital intestinal obstruction, (2) the general anatomic 
situation of congenital bands as they occur in the abdomen, (3) the 
development of the primitive mesentery and the situation of its bands 
and the embryonic development and comparative anatomic study of 
intestinal rotation and (4) the clinical aspects of 15 cases of failure 
of intestinal rotation with which mesenteric bands were or were not 
associated. 

CONGENITAL INTESTINAL OBSTRUCTION 


Congenital intestinal obstruction may be classified like obstruction 
acquired in later life, that is, as intrinsic and extrinsic. Of the studies 
on intrinsic congenital obstruction, Tandler’s * report of 94 cases, exclu- 
sive of instances of anal atresia, is one of the most comprehensive. In 
33 of these cases the obstruction occurred in the duodenum ; in 55 cases, 
in the jejunum and ileum, and in 6 cases, in the colon. In his studies 
on early embryonic development in man he observed that the lumens 
of the duodenums of embryos between 30 and 60 days of age are at 
least partly closed with proliferating epithelium. After the embryo is 


1. Gardner, C. E., Jr., and Hart, Deryl: Anomalies of Intestinal Rotation 
as a Cause of Intestinal Obstruction: Report of Two Personal Observations; 
Review of One Hundred and Three Reported Cases, Arch. Surg. 29:942 (Dec.) 
1934. 

2. Tandler, Julius: Zur die Entwicklungsgeschichte des merschlichen Duo- 
denums in friihen Embryonalstadien, Morpho'. Jahrb. 29:187, 1900. 
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2 months old the lumen of the duodenum reopens. This observation 
by Tandler was confirmed by Kreuter * and later by Forssner.* Kreuter 
further expressed the opinion that in every case of congenital atresia 
of the digestive tract in man the condition should be regarded as the 
result of physiologic and phylogenetic phenomena. Congenital atresia 
must not be confused with pyloric stenosis and the resulting obstruction 
in the new-born infant. In this condition the obstruction is caused by 
hypertrophy of the muscular coats of the intestine and not by atresia. 
However, not all observers are in accord in regard to the etiology of 
these forms of congenital intestinal atresia; for example, Schridde ° 
examined 50 embryos, the ages of which corresponded to the ages of 
embryos studied by Tandler, Kreuter and Forssner, and did not entirely 
agree with the opinion of these investigators that proliferating epithelium 
closes the duodenum at any time in the course of its development. 
Seidlin ® stated, on the basis of the data obtained from his studies, that 
if there is atresia of the small intestine, the probabilities are one to two 
that it is of the duodenum. These data are not in accord with those 
of Tandler, who found that the jejunum and ileum are obstructed more 
frequently than the duodenum. The foregoing brief review serves to 
illustrate that there is no agreement as to the etiology or as to the most 
frequent situation of intrinsic congenital intestinal obstruction. 

Cases of both intrinsic and of extrinsic congenital intestinal obstruc- 
tion are rare. Our interest in this study lies with the latter condition, 
in which obstruction is produced by ligaments, bands or abnormal fixa- 
tion of the duodenum and colon and which may originate in one of 
two ways: The bands may be remnants of embryonic structures which 
normally disappear, or they may be the result of peritoneal adhesions 
which have occurred in intra-uterine life. If intestinal bands that pro- 
duce extrinsic intestinal obstruction are remnants of preexisting fetal 
bands, which are either of peritoneal or of mesenteric origin, they must 
have an anatomic situation which corresponds to the site of bands or 
folds of the peritoneum or mesentery known to have existed at some 
period of fetal development. On the other hand, if one assumes that 
these bands are the result of prenatal or postnatal peritonitis, their 
anatomic situation is not important. 


3. Kreuter, Erwin: Die angeborenen Verschliessungen und Verengerungen 
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4. Forssner, Halmar: Die angeborenen Darm- und Oesophagusatresien: Eine 
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GENERAL ANATOMIC CONSIDERATION OF MESENTERIC BANDS 


Virchow * and Morris * were the proponents of the theory that fetal 
peritonitis produces mesenteric bands in the abdomen. In 1853 Virchow 
mentioned the frequent attachment of the right colic flexure to the 
under-surface of the liver and gallbladder. He further mentioned 
anomalous bands from the gallbladder to the duodenum and to the colon. 
Morris described these bands as “the cobwebs in the attic of the abdo- 
men” and agreed with Virchow as to their general anatomic situation. 
It is evident that the advocates of the theory that fetal peritonitis is 
the etiologic agent in the production of these bands admit a definite 
anatomic situation. 

Reference to textbooks of anatomy reveals that there is a definite 
anatomic situation of these fetal bands, peritoneal thickenings or mesen- 
teric folds. Spalteholz* described a band which may be present and 
which passes from the undersurface of the gallbladder to the lower 
third of the duodenum or to the jejunum, and from this point to the 
transverse colon. Piersol'® stated that the lesser omentum is sometimes 
described as prolonged across the duodenum to the transverse colon. 
Cunningham '' observed a fold which passes from the region of the 
gallbladder to the transverse colon, across the duodenum. Nagel ** 
studied 150 cases at necropsy and observed a cysticoduodenocolic fold 
in 18 instances. This fold or band was easily demonstrated when pres- 
ent, and the author reasoned that it is a remnant of the caudal extremity 
of the primitive ventral mesentery. These anatomic observations indi- 
cate that there is a fairly definite regional situation of these bands. 


If one projects an imaginary line from the gallbladder to the colon 
before or after intestinal rotation has taken place, this general regional 
situation is indicated. This imaginary line corresponds to the region 
and direction of the duodenocolic isthmus. With the preceding pre- 
liminary remarks in mind, a review of the pertinent phases of the 
embryonic development of intestinal rotation is now made. 
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EMBRYONIC DEVELOPMENT OF INTESTINAL ROTATION 


In figure 1 the alimentary canal of a 4.2 mm. human embryo is illus- 
trated. The changes which transform the primitive alimentary canal 
into the form which exists in the adult are dependent on (1) increase 
in length, (2) rotation, (3) fixation, (4) differentiation into anatomic 
and physiologic parts and (5) development of accessory digestive glands. 
These changes are intimately associated. They are synchronized and 
occur in regular order. The increase in the length of the intestine is 
initiated at a very early period. This increase in length is rapid and 
demands synchronization of movements in order that the parts may be 
placed so that function is possible. Rotation, which is the movement 


Fig. 1—Drawing showing the alimentary canal of a 4.2 mm. human embryo 
(after His). 


required to place the parts in functional position, is secondary to increase 
in length. Fixation is to a large extent secondary to rotation and plays 
an important role in the differentiation of parts and in the anatomic 
arrangement of the accessory digestive glands situated in the abdomen. 

Frazer and Robbins ** have made comprehensive embryologic studies 
of the factors concerned in rotation of the intestine in man and have, 
for the sake of description, divided rotation into three stages. 

First Stage of Rotation—In a 7.5 mm. embryo the umbilical loop 
has been formed and is herniated into the umbilical cord as a result of 
intra-abdominal pressure and the increasing length of the intestine. By 
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the time the embryo is 10 mm. in length the umbilical loop has turned 
about 90 degrees to the right, from a sagittal to a horizontal plane. 
This turning of the umbilical loop to the right is the result of its close 
approximation to the umbilical vein and the liver and represents the 
first stage of rotation. 

Synchronous with and following the first stage of rotation of the 
intestine, there is fixation of the duodenum and colon just outside the 
umbilical hernia. This fixation is accomplished by shortening, narrow- 
ing and thickening of the primitive mesentery of the duodenum and 
colon, which bring these segments of the intestine into close approxi- 
mation. This area of approximation is known as the duodenocolic isth- 
mus. In figure 2 this region is illustrated schematically. The dotted 


Fig. 2—Schematic representation of the mesentery of the umbilical loop common 
to the small intestine and the proximal portion of the large intestine. The dotted 
lines represent traction bands. 


lines in the drawing indicate parts of the mesentery which are more 
thickened than the rest and which Frazer and Robbins designated as 
traction bands. These bands exert traction which holds these parts of 
the intestine in place while the body caudally is increasing rapidly in 
length. 

Second Stage of Rotation—In the second stage of rotation the intes- 
tine returns to the abdomen from the umbilical loop. The mechanism 
of this return is purely physical, and the intestine is literally sucked 
back into the abdomen.'"* There are a decrease in the rate of growth 
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of the liver, an increase in the resistance in the umbilical hernia, which 
is caused by the ever enlarging intestine, an increase in the pressure of 
the amniotic fluid outside the hernial sac and a collapse of the lower 
part of the abdominal wall, all of which combine to produce the sucking 
back process. 

In this stage it is obviously impossible for the intestine to return 
en masse. The best evidence favors the view that the jejunum begins 
to pass back and is followed by the ileum and, finally, by the colon. 
Mall observed that the small intestine is back in the abdomen while the 
colon and the terminal portion of the ileum are still in the sac. The 
proximal coils of the intestine enter the abdominal cavity to the right 
of the median portion of the mesocolon, which forms a median septum 
with the abdominal part of the colon extending above to the central 
notch of the liver and below to the pelvis. Thus, the coils first fill the 
lower part of the abdomen below the right lobe of the liver, and by 
doing so they push the median septum backward and to the left and 
swing it back so that the remaining coils pass in front of it and come 
to lie below the stomach, the omental bursa and the left lobe of the 
liver. When the colon enters the abdomen, it must lie, therefore, with 
the main vessels above the mass of small intestine. 

The wall of the colon is thicker than the wall of the small intestine 
at this stage of development. The lumen of the colon is also smaller 
than that of the small intestine, and the colon therefore resists bending 
better than the small intestine. Such a tube naturally tends to assume 
the direction of a straight line, and when it enters the abdomen, it 
tends to come into line with the part already there. Thus, it is disposed 
to turn to the right. An immediate turn to the right, however, is ham- 
pered by its entanglement between the hepatic coils of intestine and the 
cecum. There are no peristaltic movements at this stage, but the intes- 
tines tend to keep their position at the full length of their mesenteries 
and thus to float the cecum from between their coils. This action of 
the intestines, combined with the intrinsic tendency to resist bending, 
places the original umbilical portion of the colon from left to right 
across the root of the mesentery of the umbilical loop, with the cecum 
pointing to the right. If, however, the colon returns first to the abdo- 
men, it lies under or dorsal to the duodenum. 

Rotation is limited to the-portion_of the intestine and its mesentery 
which constitutes the umbilical loop. The duodenum and the abdominal 
portion of the colon are not involved. The position of the original 
colic angle in the adult is to the left of the middle of the transverse 
colon, so that actual rotation of the intestine affects only the portion of 
the intestine which is situated between the duodenojejunal bend, proxi- 
mally, and the left of the middle portion of the transverse colon, distally. 
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It is doubtful whether the changes in the mesentery, the blood supply 
of the midgut and the folds of the peritoneum can be fully understood 
from reading the descriptions of these embryonic maneuvers. A clear 
understanding can be obtained by performing these rotations on one 
of the lower animals in which the arrangement of the intestine and 
mesenteries is comparable to that of the human embryo before the second 
stage of intestinal rotation. 


| 


Fig. 3—Drawing showing the abdominal viscera of the cat (from fresh dis- 
section). 


Comparative Anatomic Study of Intestinal Rotation—The common 
house-cat presents an arrangement of the intestine and mesenteries com- 
parable to that of the human embryo prior to the second stage of rota- 
tion. In figure 3 is portrayed the intestinal arrangement of a full-grown 
male cat. The greater omentum has been cut from the free border of 
the stomach, and with it the spleen, which occupies the space between 
the stomach and the colon along the left side of the abdominal wall. 
The pancreas is spread along the greater curvature of the stomach and 
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the duodenum, between the leaves of the mesentery. The small intestine 
is intraperitoneal and has a free mesentery. The ileum enters the 
colon from right to left, just above the short and pointed cecum. The 
colon is short but is wholly intraperitoneal and has a free mesentery. 
It is particularly important to note that the arteries lie to the left of 
the veins. The space between the duodenum and the colon (A and B) 
is the duodenocolic isthmus. It is formed by the shortening, narrowing 
and thickening of the primitive dorsal mesentery. 
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Fig. 4—Drawing showing the abdominal viscera of the cat (from fresh dis- 
section). The small intestine is pulled to the right to show the duodenocolic 
isthmus and the extent of herniation of the intestine into the umbilical cord. 


In figure 4 is illustrated the mobility of the small intestine on its 
mesentery. The small intestine has been pulled to the right to illustrate 
the condition in which the midgut is herniated into the umbilical cord. 
The dotted line represents the approximate limits of the midgut and 
the umbilical hernia. The mesentery between the closely approximated 
segments of the intestine (A and B) is the duodenocolic isthmus, an 
important structure to keep in mind. ,It is about these fixed points of 
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the mesentery that intestinal rotation takes place normally or fails abnor- 
mally. When the intestine is thus pulled to the right, the primitive 
parietal peritoneum which covers the abdominal wall is seen. This 
part of the abdominal cavity creates the “empty space,” which is impor- 
tant in obtaining the condition necessary for production of the “suction” 
that forces the intestine to return to the abdominal cavity from the 


umbilical hernia. 


Fig. 5—Drawing showing the abdominal viscera of the cat (from fresh dissec- 
tion). The intestine is rotated and held to the left. The colon passes dorsad and 
anterior to the duodenum. 


As shown in figure 5, the second stage of rotation is practically 
finished. The mass of the small intestine has been lifted to the left, 
and the cecum has been carried across to the median line. Segment B 
is now directly above segment A, instead of to the right. The portion 
of the mesentery between the segments of the intestine (A and B) 
maintains the same relations as the portion shown in figure 4, and the 
importance of its function as a pivot is evident. The ligament of Treitz 
is indicated below the region indicated by A. 
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Third Stage of Rotation.—In figure 6 the rotation is shown as fin- 
ished. The small intestine now occupies the left side of the abdomen. 
The portions indicated by A and B have changed from the right to the 
left and from the left to the right, respectively. The ileum now enters 
the colon from left to right. The descending portion of the duodenum 
is dorsal to the colon. The superior mesenteric artery, which formerly 
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Fig. 6—Drawing showing the abdominal viscera of the cat (from fresh dissec- 
tion). The intestine is rotated to correspond to the arrangement in the normal 
human adult. 


occupied the duodenocolic isthmus, now passes anterior to the duodenum. 
The original branches of the artery on the right are now its branches 
on the left, and instead of the arteries being on the left side of the 
veins, as before, they are on the right. 

The passing of the colon and cecum from the position they are 
shown to occupy in figure 5 to that illustrated in figure 6 is termed the 
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third stage of rotation. In man this increase in the length and extension 
of the colon so that the cecum occupies the right lower abdominal 
quadrant may not be finished before the end of the first year of extra- 
uterine life. 

REPORT OF CASES 


The cases in which there was failure of rotation of the intestine have 
been divided into three groups: (1) instances in which there were signs 
and symptoms of intestinal obstruction, without other complicating dis- 
ease of the digestive tract, (2) instances in which there were signs and 
symptoms of organic disease of the digestive tract, with or without 
intestinal obstruction and (3) instances in which definite disease of the 
digestive tract did or did not exist and failure of intestinal rotation 
was discovered accidentally on roentgenographic study or in the course 
of abdominal exploration for other reasons. 


Group 1—Case 1—A man aged 32 came to the clinic on account of attacks 
of abdominal pain, which had occurred at irregular intervals since childhood. The 
pain had been rather diffuse but usually had been more severe on the left side 
of the abdomen, and it often had followed meals. Once an attack persisted 
until the patient fasted. Camphorated tincture of opium, he believed, had given 
more relief than any other means of medication. Between the attacks of pain 
he had suffered from severe constipation. On roentgenographic examination of the 
colon a few years before the patient came to the clinic for consultation the 
entire colon had been reported to occupy the left side of the abdomen. 

General examination revealed little of importance. The patient appeared to be 
in good health. Roentgenographic examination disclosed that the colon occupied 
the left side of the abdomen. A roentgenogram of the stomach revealed no 
abnormality. An exploratory laparotomy was performed, and the diagnosis of 
nonrotation of the colon was confirmed. The part of the colon corresponding 
to the ascending and transverse segments was pulled upward and to the right in 
close proximity to the duodenum and was bound behind a mass of adhesions, 
which were difficult to separate. Postoperative convalescence was satisfactory. 
Two years after operation the patient had had no further digestive symptoms. 

Case 2.—A woman aged 42 came to the clinic on account of attacks of 
abdominal pain, which had been accompanied occasionally by vomiting and had 
been present since childhood. These attacks had appeared at irregular intervals 
and had lasted from three days to one week. Four years prior to consultation 
at the clinic she had an attack of “intestional obstruction,” and an exploratory 
laparotomy was performed. The colon was observed to be dilated and to be 
situated on the left side of the abdomen. 

The patient was in excellent general condition. Roentgenographic examina- 
tion revealed that the colon occupied the left side of the abdomen. The stomach 
and duodenum appeared normal roentgenographically. Exploratory laparotomy was 
performed, and the transverse colon was observed to be attached to the dorsal 
portion of the parietal peritoneum in the upper part of the abdomen (fig. 7). 
This produced angulation and obstruction of the colon. The duodenum was- 
intraperitoneal and was sharply angulated, owing to mesenteric bands at the junc- 
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tion with the jejunum. These mesenteric bands were divided. Postoperative 
convalescence was uneventful. Six months after operation the patient was in 
good health. This period was the longest in which she had had no “vomiting spell.” 


Case 3.—A woman aged 35 came to the clinic on account of attacks of severe 
abdominal pain, which had occurred at irregular intervals during the past three 
years. During the first two years of her illness the attacks had lasted from a 
few hours to a few days and had been relieved by vomiting. During the past 
year, however, she had never been free from abdominal pain or discomfort. 
Alkalis and milk had given only partial relief. 


Fig. 7.—Schematic representation of the traction bands in case 2. 


She was generally well deve'oped but was poorly nourished. There was 
diffuse tenderness of the abdomen. Roentgenographic examination revealed that 
the stomach and duodenum were greatly dilated. An exploratory laparotomy was 
performed. The enormous stomach and duodenum were situated in close proximity 
to the middle portion of the transverse colon, which was practically devoid of 
mesentery. The obstruction had been produced by fixation of the third portion 
of the duodenum due to mesenteric bands. These bands extended from the 
duodenum to the region of the gallbladder. The bands were separated. Post- 
operative convalescence was satisfactory. Five years later the patient was enjoy- 
ing good health. 
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Case 4.—A youth aged 19 came to the clinic on account of abdominal pain and 
vomiting, which had been present since the age of 2 years. These attacks had 
occurred fairly regularly every two or three weeks and had lasted for two or 
three days. The pain during the attacks was moderately severe and was situated 
just below and to the right of the umbilicus; it reached its greatest intensity imme- 
diately after a meal. Once an attack had started, it continued until the patient 
abstained from food. Three months prior to his consultation at the clinic the 
appendix had been removed, but the symptoms had not been relieved. 

The patient was poorly developed and poorly nourished; otherwise there were 
no gross physical defects. Roentgenographic examination revealed nonrotation 
of the colon and a normal condition of the stomach and duodenum. Exploratory 
laparotomy revealed a firm band, which had caused obstruction at the duodeno- 
jejunal angle. There was marked dilatation of the mesenteric vessels at this 
point. Freeing the band did not completely relieve the obstruction, and an entero- 
anastomosis between the duodenum and the jejunum was performed. Postoperative 
convalescence was satisfactory, and three years later the patient had gained con- 
siderable weight and was free from gastro-intestinal symptoms. 

Case 5.—A man aged 59 came to the clinic on account of severe epigastric 
pain and vomiting, which had been present for twenty-four hours. In the past 
he had had similar attacks. About twenty years prior to the present illness he 
had an attack of severe epigastric pain and vomiting, which incapacitated him for 
six weeks. After this attack he had been in good health except for an occasional 
attack of epigastric pain, which soon ceased. 

General examination revealed a huge man, 6% feet (198 cm.) tall. The blood 
pressure expressed in millimeters of mercury was 160 systolic and 115 diastolic. 
The upper part of the abdomen was distended, and there were generalized tender- 
ness and muscular resistance. Exploratory laparotomy revealed considerable free 
fluid in the abdominal cavity. The first part of the jejunum was distended to a 
point where it was adherent to the parietal peritoneum posteriorly and almost 
obstructed. Immediately distal to the obstruction the intestine was collapsed. The 
colon had failed to rotate. The colon was normal except for its position on the 
left side of the abdomen. The bands were freed as much as possible, and an 
entero-anastomosis was performed between the two segments of the jejunum. 
There were no postoperative complications. One year later the patient was enjoy- 
ing good health. 


In these five cases mesenteric bands obstructed the intestine at one 
of three points—the lower portion of the duodenum, the jejunum or the 
transverse colon. The general situation and appearance of these bands 
are illustrated in figure 8. The situation of the bands in case 2 may 
be compared with the location of segments A and B illustrated in fig- 
ure 3. It is at once apparent that the primitive duodenocolic isthmus 
was still present and functioning in case 2. A further comparison of 
the structures shown in figure 8 with the dotted lines in figure 3, which 
represent schematically the traction bands present in the duodenocolic 
isthmus, suggests that the dense mesenteric bands in case 2 were per- 
sistent traction bands. Thus, on the basis of anatomic studies, we have 
established our criterion that if a mesenteric or a peritoneal band is to 
be designated as congenital, it must have an anatomic situation consistent 
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with the known embryonic structure. The patients in these cases had 
had symptoms of intermittent intestinal obstruction since they had taken 
a diet of solid food. Thus, the clinical evidence is definite in incrimi- 
nation of the traction bands. The fixation of these bands, although 
a physiologic necessity in embryonic life, becomes a pathologic phe- 
nomenon if persisted in after the person begins to take solid food. 
Group 2.—The second group, consisting of 8 cases, is difficult to 
describe because surgical exploration was not carried out in all instances. 


Fig. 8.—Schematic representation of failure of the second stage of rotation 
without persistent traction bands. 


The patients on whom operation was performed presented definite 
organic disease other than the mesenteric bands. For these reasons, 
an opinion will be given in each case as to whether the mesenteric bands 
were contributing factors in the production of the symptoms. 


Case 6.—A man aged 50 came to the clinic for general examination. Since 
childhood he had had “stomach trouble,” which had occurred at irregular intervals 
and had been associated with “sick headache.” There was a family history of 
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migraine. The “stomach trouble” was described as a heavy, disagreeable feeling 
in the epigastrium, which occurred about one hour after meals and was relieved 
by inducing vomiting or drinking hot water. The gastric symptoms became much 
worse when the patient suffered from constipation. In the past he had had two 
major heat strokes. The second stroke occurred three years prior to his coming 
to the clinic, and he had been unconscious for several hours. There had been 
none of the disabling sequelae characteristic of a major heat stroke. 

General examination revealed that the patient was well developed and well 
nourished and appeared to be in good health. Roentgenographic examination of 

. the stomach and duodenum disclosed duodenal ulcer. 

Exploratory laparotomy revealed an inflamed appendix, which was removed. 
The gallbladder was filled with stones, and it also was removed. The colon and 
cecum were on the left side of the abdomen, while the small intestine was on 
the right. Considerable freeing of “adhesions” and mesenteric bands of the 
jejunum was necessary before a posterior gastro-enterostomy could be performed. 
Five years later the patient had had no recurrence of the gastro-intestinal 
symptoms. 


This patient had symptoms of intestinal obstruction, which were the 
» result of the mesenteric bands, diseased gallbladder and duodenal ulcer. 
The duodenal ulcer had not greatly deformed the lumen of the intestine. 


Case 7.—A man aged 31 came to the clinic on account of recurrent attacks of 
gas pains in the abdomen since childhood. These attacks had occurred at irregular 
intervals, of from four to six months, and had continued from one to seven days. 
They consisted of distention, generalized colicky abdominal pain and increasing 
constipation. In 1926 the patient had a severe attack of abdominal pain, which 
was accompanied by vomiting. His physician described the vomiting as “fecal.” 
At that time the appendix was removed. In 1929 he had another severe attack; 
he underwent operation the second time, and a “gangrenous” piece of intestine 
was resected. For five years after this operation he had been well. In the spring 
of 1934 he noted return of the abdominal cramps, which occurred at irregular 
intervals, and he had a great deal of difficulty owing to increasing constipation. 

General examination showed nothing of importance, except that the patient was 
normally developed and of healthy appearance. Roentgenographic examination 
revealed that the colon had failed to rotate. He was advised to undergo explora- 
tory operation, but he refused. 


* Evaluation of the symptoms in this case is impossible because the 
patient refused to permit an exploratory laparotomy. The history of 
the disturbance, which dated from childhood, revealed that the patient 
had had intermittent attacks of intestinal obstruction, probably the result 
of persistent mesenteric bands. 


Case 8—A woman aged 25 came to the clinic on account of “indigestion and 
lack of pep,” which had been present for four years. Four years prior to her 
admission to the clinic she had ceased to enjoy her meals; if she ate the stomach 
became filled easily, and distress followed immediately. There was considerable 
belching, but this gave no relief. Since the onset of the gastric symptoms, she 
had suffered from increasing constipation and backache, and there had been slow 
loss of weight, which amounted to from 10 to 15 pounds (4.5 to 6.8 Kg.). Two 
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years prior to consultation at the clinic, she had submitted to exploratory lapa- 
rotomy. The colon was observed to occupy the left side of the abdomen, and the 
small intestine, the right. The appendix had been removed at this time. 

General examination revealed that the patient was of asthenic build; otherwise, 
she was generally in good physical condition. Roentgenographic examination 
confirmed the previous observation that the colon had failed to rotate. 

The patient was advised to be more careful of her diet and to take better care 
of herself generally for six months and then to return for further examination 
and advice. She was never heard from after her dismissal from the clinic. 


An evaluation of this patient’s symptoms is impossible. 


Case 9.—A woman aged 37 came to the clinic on account of “stomach trouble,” 
which had been present for four years. Prior to this time she considered that 
she was in good health. The present illness consisted of a dull ache in the epigas- 
trium, which usually occurred at 4 or 5 o'clock in the afternoon and disappeared 
after the evening meal. There had been remission of the pain in the summer and 
winter, with exacerbations in the spring and fall. In the past three or four months, 
the patient had been awakened from sleep by epigastric pain at 1 or 2 a. m. 

General examination revealed a tall, thin woman, who appeared healthy. Roent- 
genographic examination of the stomach and duodenum disclosed a duodenal ulcer 
and definite pyloric obstruction. Surgical intervention for the relief of the peptic 
ulcer and pyloric obstruction was advised. Operation revealed a duodenal ulcer, 
which probably did not produce obstruction. The stomach and duodenum were 
markedly dilated. Distinct from the duodenal ulcer were many adhesions and 
mesenteric bands between the transverse mesocolon and the first portion of the 
jejunum which had to be separated in order to expose the first portion of the 
jejunum for posterior gastro-enterostomy. The small intestine was entirely on 
the right side of the abdomen, and the colon, on the left. The obstruction was 
relieved, and a posterior gastro-enterostomy was performed. The patient recov- 


ered from the operation satisfactorily, and eighteen months later she had had n 
digestive discomfort. 


The mesenteric bands were probably contributing factors in the pro- 
duction of the obstruction and symptoms. 


Case 10.—A man aged 40 came to the clinic on account of epigastric pain and 
distress, which occurred about one hour after meals. For an indefinite period in 
the past he had had “stomach trouble.” Seventeen years prior to his admission 
to the clinic he had a severe attack of abdominal pain, and an exploratory laparot- 
omy was performed. At that time the colon was observed to be situated on the 
left side of the abdomen. The appendix was not removed, for it was not inflamed. 
After the operation the patient was well until about two years prior to his coming 
to the clinic. At that time he had epigastric pain and distress, which were similar 
to those which he had suffered prior to the operation seventeen years before. 

General examination revealed a large man in good physical condition. Roent- 
genographic examination revealed that the gallbladder was filled with stones and 
that the colon occupied the left side of the abdomen. The stomach was normal. 
At the operation for removal of the gallbladder, an abdominal exploration was 
made, and the following observations were recorded: There were many adhesions 
in the lower part of the abdomen. The omentum and two loops of the ileum were 
adherent to the anterior part of the abdominal wall and also to the duodenum. 
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These were dissected free, and two small denuded areas of the duodenum were 
repaired. Postoperative convalescence was prolonged on account of nausea and 
vomiting. The patient finally made a satisfactory recovery. During the following 
years he had little digestive discomfort. 


No mesenteric bands were present. The symptoms were produced 
by the peptic ulcer. 


Case 11—A man aged 35 came to the clinic on account of a dull, burning 
sensation in the epigastrium, which often extended to the back. The distress 
occurred when the stomach was empty and was relieved by taking food or alkali. 
The discomfort had been intermittent for five years and characterized by remis- 
sions and relapses. During the remissions the patient had been comfortable. 
There had been a severe attack of “stomach trouble” two years prior to his 
admission to the clinic, and at operation, which had been performed elsewhere, an 
“ulcer was removed.” After this operation he had been comfortable for one year. 

General examination revealed a small man who appeared healthy. Roent- 
genographic examination disclosed a duodenal ulcer. Since the patient had under- 
gone one operation and had suffered so much disability as a result of the ulcer, 
surgical intervention was advised again. He accepted this advice, and at the 
time of operation a large calloused duodenal ulcer was observed to involve the first 
inch (2.54 cm.) of the duodenum. There was failure of rotation of the colon. 
The colon occupied the left side of the abdomen, and the cecum was situated low 
in the left side of the pelvis. The omentum hung free from the greater curvature 
of the stomach, and there was complete absence of gastrocolic omentum. Horse- 
shoe kidney was present. An anterior gastro-enterostomy was performed. Recov- 
ery after the operation was satisfactory. The patient was not heard from after 
his dismissal from the clinic. 


No mesenteric bands were present in this case. The symptoms were 
the result of the peptic ulcer. 


Case 12.—A girl aged 11 years was brought to the clinic by her parents, who 
stated that she had been in good health until about one month before, when she 
came in from play complaining of pain in the left side of the abdomen. On palpa- 
tion of the abdomen the mother found “a tumor on the left side the size of a 
walnut.” The child appeared ill, and the temperature at that time was 102 F. 
Cold applications had given some relief from the pain, but each day since the onset 
there had been pain in the left side of the abdomen. 

General examination revealed that the child was normally developed and appar- 
ently healthy. There was a freely movable, hard tumor, about 10 cm. in diameter, 
just below the left costal margin. Exploratory laparotomy revealed enlargement 
of the spleen, which was the result of infarction. The affected part of the spleen 
was removed. The colon occupied the left side of the abdomen, and the small 
intestine was situated on the right. There were many adhesions around the 
duodenum and gallbladder, but no evidence of intrinsic disease could be observed 
in either organ. Postoperative convalescence was good. 


The mesenteric bands, if any, and the adhesions produced no 
symptoms. 


Group 3.—The third group consists of cases in which there was 
failure of the second stage of intestinal rotation. Observation of the 
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intestinal arrangement was incidental, and there had been no organic 
digestive disorder. No statistics are available which indicate how fre- 
quently failure of intestinal rotation occurs, but no doubt it is not rare. 
Figure 8 shows the intestinal arrangement in a case of this condition, 
which was discovered on exploration of the abdomen at the time of 
a pelvic operation. 


Comparison of figure 8 with figure 3 affords a valuable comparative 
anatomic study. The intestinal arrangement in the two cases is prac- 
tically identical and functions well ; the arrangement in the cat is normal, 
and that in man, abnormal. It has already been stated that the intestinal 
arrangement in the cat corresponds with the intestinal arrangement in 
man before intestinal rotation. This comparison serves to emphasize 


further the fact that intestinal rotation is not necessary for physiologic 
function. 


Case 13.—A woman aged 49 came #@ the clinic on account of umbilical hernia 
and multiple symptoms which were referable to the menopause. In the past she 
had had attacks of abdominal pain; however, these were not severe. The attacks 
consisted of generalized abdomina! distress, which occasionally were followed by 
nausea. 

General examination revealed good physical condition. Recently, the cervix 
had been cauterized, but it was still inflamed. Repair of the umbilical hernia 
and abdominal exploration and appendectomy at the same time were advised. 
Abdominal exploration revealed definite inflammation of the appendix. The colon 
occupied the right side of the abdomen, and the small intestine, the left. The 


jejunum did not perforate the base of the mesentery. The cecum was mobile. 
Convalescence was normal. 


Case 14.—A woman aged 33 was first seen at the clinic four years prior to 
the present visit. At that time there were one or two small fibromas of the body 
of the uterus, which did not require treatment. She returned, as advised, for 
reexamination of this condition. 

She appeared to be in good health. The uterus: had enlarged to three or four 
times its normal size, and surgical removal was advised. At the time of hyster- 
ectomy the appendix was observed to be high on the left side of the abdomen. 
The colon occupied the left side of the abdomen, and the small intestine, the right. 


The ileum entered the cecum from right to left. Postoperative convalescence was 
satisfactory. 


Case 15.—A girl aged 17 came to the clinic on account of “queer spells” and 
sharp abdominal pain. She had suffered from chronic constipation, with abdominal 
pain and discomfort, for an indefinite period. Three years prior to her admission 
to the clinic she had abdominal pain, with nausea and vomiting. She underwent 
operation for appendicitis but knew nothing of the details of the operation. 
Jaundice developed after the operation but had cleared rapidly. She had continued 
to have attacks of abdominal cramps and vomiting. Two years before coming to 
the clinic she had noted short “queer attacks,” during which she “stopped in her 
tracks”; she had never fallen or lost consciousness. These attacks were made 
much worse by fright or nervous strain. 
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She appeared healthy and was in good general physical condition. Roentgen- 
ographic examination revealed that the entire colon occupied the left side of the 
abdomen. The roentgenogram is reproduced in figure 9. 


FAILURE OF THE THIRD STAGE OF ROTATION 


Failure of the third stage of rotation is without symptoms and is 
usually discovered on roentgenographic examination or at operation. In 
this stage of rotation the cecum extends to the right lower abdominal 
quadrant. Variations in the position of the cecum on the right side 
of the abdomen may be considered to be anomalies of the third stage 


Fig. 9—Roentgenogram in a case in which there was failure of the second 


stage of intestinal rotation. 
; 


of rotation. These anomalies are of practical importance to the physi- 
cian in acute inflammation of the appendix and to the surgeon in removal 
of the appendix. If the cecum and appendix are high under the liver, 
the differential diagnosis of acute appendicitis and acute cholecystitis 
may be difficult. The surgeon may experience difficulty in locating and 
removing the appendix through a low abdominal incision. 


SUMMARY 


A study of 15 cases in which there was failure of the second stage 
of intestinal rotation demonstrates that congenital mesenteric bands 
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which are capable of producing intestinal obstruction are commonly 
associated anomalies. The frequency of this association is not known. 

Obstruction of the intestine by congenital bands is produced by 
maintenance of their known embryonic function of traction and fixation 
of the segments of the intestine in the region of the primitive mesentery 
which forms the duodenocolic isthmus. 

A consideration of the general aspects of congenital intestinal 
obstruction and the anatomic situation of congenital mesenteric bands 
is presented. 

A definite visualization of intestinal rotation is obtained through 
comparative anatomic studies. 
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ROLE OF THE RETICULO-ENDOTHELIAL SYSTEM IN 
THE DEPOSITION OF COLLOIDAL AND 


PARTICULATE MATTER ARTIC- 
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Many phases of the physiologic activity of the joints are still obscure. 
Various disturbances in functional activity and pathologic changes which 
come with disease are understood even less well. The formation? and 
resorption of synovial fluid, with its varying chemical * and cytologic 
constituents, have been carefully studied.* | The removal of cellular 
débris or particulate matter * introduced into the joint cavity has been 
followed in experimental animals.’ Attempts have been made to study 
the pharmacologic action of certain drugs in relation to articular cavi- 
ties.° This research, while most helpful in advancing knowledge, has 
not determined how the articular disturbances were initiated or in what 
manner they could be modified or prevented. 

It is commonly believed that noxious substances which disturb artic- 
ular function are carried to the joints by the blood stream.’ Studies 
on lactic acid,* uric acid*® and carbohydrate metabolism suggest this. 
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Occasionally, harmful material may be introduced directly into the joint 
cavity from the outside, or under unusual circumstances flow of lymph 
may be retrograde.'® Suppurative arthritis and tuberculosis of joints 
are regarded in practically all instances as the result of hematogenous 
infection.’ Bacteremia with subsequent lodgment of bacteria in capil- 
laries in or about joints is supposedly the origin of such diseases. Recent 
bacteriologic investigations suggest that an altered response on the part 
of the tissues may facilitate the development of certain infections.’* 
To what extent trauma or other mechanical factors can hinder or encour- 
age bacterial invasion is not fully known. In chronic arthritis one pos- 
tulates the passage of bacteria or of poisonous substances to the joints, 
usually from some focus of infection’* or from the gastro-intestinal 
tract. In certain cases the articular manifestations may be wholly or 
in part allergic..* It is not clearly understood how the injurious sub- 
stances enter the blood stream or are in turn removed from it. 
Distributed in the loose connective tissues lining the sinusoids of 
the liver, spleen and lymph nodes, the bone marrow, etc., and also form- 
ing a part of the reticulum of the spleen and of the bone marrow, is 
a host of cellular constituents which can be mobilized as a defense 
mechanism whenever unusual substances or bacteria are introduced into 
the body.*® Certain of these cells are constantly active in health in 
removing the remnants of dead tissue or metabolic products by phago- 
cytosis, in transporting the material through the blood stream and in 
storing it, particularly in the liver..* From the liver the stored sub- 
stances are eliminated slowly through the bile into the intestine.** The 
group of cellular elements characterized by the common functions of 
phagocytosis and the storage of materials of greater than molecular 
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size, particularly substances of electronegative potential and certain acid 
dyes used in intra-vitam staining, has been called by Aschoff the reticulo- 
endothelial system.’"* 

The reticulo-endothelial system has widely divergent functions in 
the body.’® It participates in all general metabolic actions, especially 
in the liver. It plays a part in the storage of fats and lipins which is 
well shown in disease, e. g., xanthomatosis.*° Probably its most impor- 
tant function is that of active phagocytosis, as shown in inflammatory 
and reparative processes. Colloidal particles are engulfed and accumu- 
lated in granule-like masses in vacuoles within the cell body. Bacteria 
or other substances may be stored in these cells for appreciable periods, 
presumably without disturbing the activity of the cell. Violent poisons 
or virulent bacteria, however, soon destroy the cells which engulf them.** 
It is thought, and experimental proof has been offered by Metschni- 
koff,2*, Gay ** and Meersohn,** that when the cells of the reticulo- 
endothelial system are unable to free the body from invading micro- 
organisms infection takes place. Moreover, local injury of tissues 
results when toxic substances or bacteria cannot be removed with suffi- 
cient rapidity. 

Few investigators of the reticulo-endothelial system have made 
mention of articular tissues. Key * has reported the staining of certain 
synovial cells with trypan blue. Seemen * studied the articular absorp- 
tion of intra-vitam dyes. Raszeja,** after making intracardiac injections 
of a 1 per cent solution of trypan blue, concluded that absorption in 
articular tissues was dependent on the nature and the degree of disper- 
sion of the injected substance. The studies of Sigurdson,?* besides those 
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Arch. Int. Med. 42:611 (Nov.) 1928. 

21. Domogk, G.: Untersuchungen iiber die Bedeutung des retikulo-endothelien 
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Amyloids, Virchows Arch. f. path. Anat. 253:1594, 1924. 
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des microbes, Ann. Inst. Pasteur 1:321, 1887. 

23. Gay, F. P.: Local or Tissue Immunity, Arch. Path. 1:590 (April) 1926. 
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of Rynearson ** and Key,* have shown that materials of larger than 
molecular size injected into joints are taken up by free histiocytic cells 
and by phagocytic cells on the surface of the synovial membrane. 

The activities of the reticulo-endothelial system in and about the 
joints constitute the problem of the present study. The young albino 
rat was chosen for experiment because it is a very satisfactory animal 
for use in investigations of this system. Observations were made on 
the nature and extent of the deposition of colloidal and particulate 
matter in and about the joints following subcutaneous injections. Further 
studies were made to determine how this deposition could be modi- 
fied by trauma, irritation, inactivity or attempted local blocking of the 
reticulo-endothelial system. Finally, the deposition of material in 
articular cavities after absorption from the gastro-intestinal tract was 
observed. It was hoped that some relationship might be established 
_ between the results of these studies and the problems of articular infec- 
tion and of disturbances in joints associated with systemic disease, such 
as chronic arthritis. 


DESCRIPTION OF EXPERIMENTS 


EXPERIMENT 1.—Four rats were given subcutaneous injections of 2 cc. of a 
1 per cent aqueous solution of trypan blue every other day. The injections were 
made into the abdominal wall, and the area was massaged gently to insure more 
complete absorption. The four animals were given ten, eleven, thirteen and four- 
teen injections, respectively. Usually after several injections they turned a dusky 
blue. With long continuation of the injections they began to lose weight; they 
ate less well and were less active; the hair became rough and was gradually lost. 
At this stage the animals became moribund. 

At necropsy there was noted extensive staining of the entire skin and subcu- 
taneous tissue, as well as of the liver, spleen, kidney and bone marrow. The 
joints showed a moderate amount of staining. Both femorotibial and humero- 
ulnar joints were removed for microscopic examination. The tissues were fixed 
in solution of formaldehyde diluted with water (1:9) and decalcified care- 
fully in a 5 per cent aqueous solution of tri-chloracetic acid in order to avoid 
undue solution of the stored dye. Sections were stained with paracarmine or with 
hematoxylin and eosin. 

The amount of dye observed in the articular tissues was roughly proportional 
to the number of injections of trypan blue. After single injections or a few injec- 
tions during the preliminary studies practically no dye was present in the articular 
tissues. Most of the trypan blue was deposited in the superficial part of the 
synovial membrane; less was observed in the deeper parts. Histiocytes stored 
the greater part of the dye in granule-like clumps in cytoplasmic vacuoles. In 
fibrocytes the dye appeared in the form of fine granules or short rods. The fat 
pad of the knee was almost devoid of dye-laden histiocytes. A moderate amount 
of trypan blue was scattered throughout the reticulum of the bone marrow, almost 
wholly in histiocytes. None was seen in either bone or cartilage cells. A slight 


28. Rynearson, E. H.: The Macrophage in Absorption from the Synovial 
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increase in the fibrous tissue was observed, but there was very little evidence of 
an inflammatory response within the joint itself. Individual variations in the 
amount of trypan blue were found in the joints, as might be expected. The animal 
that had received fourteen injections showed the largest amount of dye deposited 
in the synovial membrane. 


This experiment, besides its preliminary results, shows that material 
of larger than molecular size can be carried from the skin and sub- 
cutaneous tissues and stored in the joints. The material is transported, 
probably dissolved or in suspension, by the tissue fluids to the blood or 
lymphatic stream.*® Lewis *® has shown that dissolved trypan blue is 
precipitated in the blood stream and that the agglutinated particles are 
then taken up by the cells of the reticulo-endothelial system. All avail- 


Fig. 1—Photomicrograph of the knee joint of an albino rat after fourteen 
subcutaneous injections of trypan blue. Deposition of particles of dye in histio- 
cytes is marked in the superficial layers of the synovial membrane. 


able evidence suggests that bacteria,*! metabolic products not in solu- 
tion and tissue débris are handled in a similar manner. 


EXPERIMENT 2.—A study was made on the absorption of a mixture of dyes, 
the particles of which varied from the ultramicroscopic (trypan blue) through 


29. Field, M. E., and Drinker, C. K.: Conditions Governing Removal of 
Protein Deposited in Subcutaneous Tissues of Dog, Am. J. Physiol. 98:66, 1931. 

30. Lewis, M. R.: Origin of the Phagocytic Cells of the Lung of the Frog, 
Bull. Johns Hopkins Hosp. 36:361, 1925. 

31. Siegmund, H.: Das Retikulo-Endothel und seine Leistungen im Lichte der 
Vitalfarbung, Jahresk. f. artzl. Fortbild. 18:5, 1927. 
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particles at the limits of microscopic resolution (sodium carminate) to particles 
readily seen by the lower magnifications of the microscope (india ink). Two 
cubic centimeters of a mixture of equal parts of a 1 per cent solution of trypan 
blue, a 1 per cent solution of sodium carminate and a suspension of filtered india 
ink diluted with equal parts of distilled water was injected subcutaneously into 
two rats biweekly, seven and eleven times, respectively. The mixture was absorbed 
much more slowly than trypan blue alone. After a few injections there was 


Fig. 2—A, photomicrograph of a villus from a normal knee joint of a rat. 
B, knee joint of a rat which had been given twenty subcutaneous injections of 
trypan blue simultaneously with twenty intra-articular injections of a 20 per cent 
solution of potassium iodide. The dye-laden histiocytes are present in parallel 
layers on the synovial surface, and there is an increase of connective tissue. 


necrosis of the skin at the site of injection. Because of the marked irritation 
caused by the mixture, no further injections were made. 

Microscopic studies of the joints of these rats showed much less deposition of 
trypan blue than had appeared in the joints of the preceding group. The dye was 
found chiefly in histiocytes. There was only a small amount of sodium carminate 
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deposited in the cells. No india ink was seen in the articular tissues. As no 
extended study could be made because of the marked local toxicity, definite con- 
clusions cannot be drawn; but the histologic observations suggest a lessened 
absorption and deposition in articular tissues of granules in proportion to the size 
of the individual precipitated particles.®? 


EXPERIMENT 3.—Four rats were given eleven, thirteen, twenty and twenty- 
three subcutaneous injections, respectively, of 2 cc. of a 1 per cent solution of 
trypan blue, one injection every two days. At the same time 0.1 cc. of a 20 per 
cent solution of potassium iodide was injected into the right humero-ulnar and 
femorotibial joints in order to produce a mild inflammation of the synovial mem- 
brane.33 

The changes in the joints on the left side were similar to those detailed in the 
report of experiment 1. The animals which had received twenty or twenty-three 
injections of trypan blue showed more dye in articular tissues than any in the 
series previously described. The histiocytes were much enlarged. The cytoplasm 
was so crowded with granules of trypan blue that the individual vacuoles were 
often invisible. Some cells were almost black. The shape of the cells was altered 
because of the large number and the crowding of the cells. The fibrocytes con- 
tained an unusually large amount of the dye in granules and short rods. Con- 
siderable dye was seen in the bone marrow. Numerous histiocytes containing 
trypan blue were scattered among the fat cells of the articular fat pad, and many 
were seen in the intermuscular septums. Less trypan blue was seen in the humero- 
ulnar joint than in the femorotibial joint. 

In contrast, the joints from the right side, into which had been injected a 
20 per cent solution of potassium iodide in order to produce a mild inflammatory 
reaction, showed even more trypan blue than the joints on the left side. The 
histiocytes were so full of the dye in many instances that the cytoplasm was com- 
pletely obscured. The joints showed rather extensive proliferation of the synovial 
membrane, with a great increase of the folds or villi, and it was in these folds that 
the largest amount of trypan blue was noted. In a number of places the epithelioid 
layer of connective tissue cells was much thickened with parallel layers of histio- 
cytes.*4 There was a great increase in the number of fibrocytes, and the blood 
vessels appeared to be considerably engorged. 


32. Herring, P. T., and MacNaughton, F. G.: Lymphatics and Lymph Glands, 
Lancet 1:1081, 1922. 

33. Cameron, D. F.: A Comparative Study of Sodium Iodide as an Opaque 
Medium in Pyelography, Arch. Surg. 1:184 (July) 1920. 

34. It is well known from the classic studies of J. A. Hammar (Ueber den 
feineren Bau der Gelenke, Arch. f. mikr. Anat. 43:266, 1894) and H. Braun 
(Untersuchungen iiber den Bau der Synovialmembranen und Gelenkknorpel, sowie 
tiber die Resorption fliissiger und fester K6rper aus den Gelenkhdhlen, Deutsche 
Ztschr. f. Chir. 39:35, 1894) and also from the recent full descriptions by J. A. 
Key (The Synovial Membrane of Joints and Bursae, in Cowdry, E. V.: Special 
Cytology, New York, Paul B. Hoeber, Inc., 1932, vol. 2) and L. A. Sigurdson 
(The Structure and Function of Articular Synovial Membranes, J. Bone & Joint 
Surg. 12:603, 1930) that articular cavities are lined by connective tissue, the 
branched cells being arranged in a single layer or layers several cells deep. From 
their reactions toward certain injected dyes these cells may be identified chiefly 
as histiocytes and fibrocytes. 
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The findings suggest that a local inflammatory response causes a 
greater deposition of trypan blue.*® It is impossible, however, to mea- 
sure the amount of dye present in a joint. Whether the apparent 
increase in trypan blue in a joint into which repeated injections of 
potassium iodide have been made is the result of an increased local 
proliferation of histiocytes ** or an increased migration from without 
cannot be determined. Occasional mitotic figures are seen in histiocytes. 
Fibrocytes in the synovial membrane rarely show mitoses.*7 Previous 
observers ** have found increased deposition of substances in tissues in 
inflammation. The experiments of Bohm ** and others suggest that a 
mild inflammation stimulates the local activity *® of the reticulo- 
endothelial system, while a severe inflammatory response depresses it.*! 


EXPERIMENT 4.—In a series of four rats a blow sufficient to produce swelling 
for several days was struck directly on the right femorotibial joint. This was 
repeated twice weekly, and at the same time subcutaneous injections of 2 cc. of a 
1 per cent aqueous solution of trypan blue were made. The animals received six, 
eleven, thirteen and twenty-one injections, respectively. At necropsy both humero- 
ulnar and femorotibial joints were removed. 

The microscopic picture was similar to that described before. In the joints 
on the right side, which had been subjected to repeated trauma, there appeared to 


35. This increased deposition of trypan blue is probably the combined effect of 
inflammatory changes and those induced by the injection of a potassium salt. 
K. Sato (On the Real Nature of Vital Staining, Folia anat. japon. 8:51, 1929) 
observed increased intra-vitam accumulation of dyes following injection of potassium 
salts. It was suggested by F. Grossman (Ueber das Verhalten der Leberzellen 
bei vitaler Speicherung, Frankfurt. Ztschr. f. Path. 36:635, 1928) that various 
poisons, perhaps through increasing cellular permeability, facilitate the taking up 
of trypan blue, india ink and other dyes, and S. Sawelsohn (Untersuchungen iiber 
die Speicherung einiger Vitalfarbstoffe in den Leberzellen, Ztschr. f. Zellforsch. 
u. mikr. Anat. 8:602, 1929) described an increment of trypan blue in rats following 
an injection of arsenic. Both Sawelsohn and G. C. Dogliotti (Ricerche sull’ 
assunzione di trypanblau da parte delle cellule epatiche nei ratti albini, Monitore 
zool. ital. 40:100, 1929) pointed out the importance of the nutritional state of the 
animal in the intra-vitam storage of dyes. 
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be the same amount of trypan blue as in the joints on the untraumatized side. 
There was a rather marked increase of connective tissue. No increase or apparent 
dilatation of the blood vessels was observed. The fibrocytes tended to assume 
layer-like formations parallel to the synovial surface. As in sections in the pre- 
vious experiments, there was a tendency on the part of the histiocytes to approach 
the surface and form an epithelioid layer. In the traumatized joints there seemed 
to be a much greater accumulation of dye-laden histiocytes in the periarticular 
tissues than in the joints of the other side.42 Perhaps with more severe mechanical 
trauma there would have been sufficient inflammation to cause a noticeable differ- 
ence in the deposition of dye in the synovial membrane also and even marked 
decrease in storage, such as Menkin 4% has observed. Fenton and Larsell 44 observed 
the mobilization of large numbers of histiocytes in the nasal mucous membrane of 
cats after physical trauma. 


Fig. 3.—Photomicrograph of a knee joint of a rat after twenty subcutaneous 
injections of trypan blue and repeated trauma to the joint. The dark borders of 
the articular cavity represent collections of dye-laden histiocytes. The more scat- 
tered histiocytes in the periarticular tissue appear lighter. 


EXPERIMENT 5.—In four rats the right sciatic nerve was cut in the upper third 
of the thigh in order to produce paralysis of the muscles of the foot. This was 
followed as soon as the animal had recovered from the operation by subcutaneous 


42. Carscadden, W. G.: Early Inflammatory Reactions in Tissues Following 
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injections of 2 cc. of a 1 per cent solution of trypan blue twice weekly. The 
animals were given ten, thirteen, fourteen and fifteen injections, respectively. 
The tarsal and ankle joints on both sides were removed for microscopic study the 
day after the last injection. 

The microscopic appearance of the tarsal joints of the unparalyzed side was 
similar to that observed in the previous experiments. On the paralyzed side there 
was considerably less dye in the synovial membrane and in the periarticular 
tissues. Raszeja2® observed a lessened deposition of trypan blue in immobilized 
knee joints of rabbits. The decreased deposition of dye in the paralyzed joints was 
probably the result of inactivity because of the paralysis, the accompanying local 
impaired circulation and lessened metabolic conditions. 


EXPERIMENT 6.—In an attempt to produce a local blocking of the reticulo- 
endothelial system, repeated injections of india ink were made into the right 
femorotibial and humero-ulnar joints. Nine injections of 0.1 cc. were given twice 


Fig. 4.—Photomicrograph of a knee joint of a rat after nine intra-articular 
injections of india ink and nine subcutaneous injections of trypan blue. The histio- 
cytes are greatly engorged with particulate matter, chiefly ink. The particles of 
ink obscure those of trypan blue. 


a week to each of four animals. Subsequently biweekly injections of 2 cc. of a 
1 per cent solution of trypan blue were made subcutaneously two, nine, thirteen 
and fourteen times, respectively. 

Microscopic study of the joints from the right side showed many carbon par- 
ticles on the surface of the synovial membrane, some enmeshed in fibrin. Many 
histiocytes containing much india ink were seen just beneath the surface of the 
synovial membrane. Trypan blue either was present in lesser quantity in the 
histiocytes or was masked by the india ink. There was a moderate proliferation 
of the synovial membrane. 


The observations in this experiment on the whole were meager. No 
definite conclusions can be drawn as _ to the local ability of the tissues 
to pick up and store trypan blue. The sections from the joints on the 
left side, into which no india ink had been injected, showed the usual 
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amount and location of trypan blue. Other investigators ** have 
observed lessened absorption of injected substances by the reticulo- 
endothelial system after local or systemic injections of materials which 
must be handled by this system. Such depression of phagocytic activity, 
the so-called endothelial blockade,** is temporary, and the material, 


unless entirely inert or extremely irritating, is soon removed from the 
body. 


EXPERIMENT 7.—A further attempt was made to block the reticulo-endothelial 
system by the intra-articular injection of oil. Twelve biweekly injections of 
0.2 cc. of liquid petrolatum were made into the left femorotibial joint of six rats. 
Biweekly injections of 2 cc. of a 1 per cent solution of trypan blue were then 
given subcutaneously ten, eleven, twelve, fifteen and eighteen times, respectively. 
At necropsy both humero-ulnar and femorotibial joints were removed. 

Studies on the removal of oily substances from tissues have shown that the 
oil is taken up in tiny globules by phagocytic cells, chiefly by histiocytes.47 Pink- 
erton,*® in his experiments on the reaction of -the bronchioles and alveoli of the 
lungs to injected oils, found that there was a less vigorous inflammatory response 
to a hydrocarbon-like liquid petrolatum. In our animals the humero-ulnar joints 
and the right femorotibial joint contained trypan blue in the synovial membrane 
much like that shown in the previous experiments. In the left femorotibial joint 
there was moderate synovial proliferation. A little oil was seen in the joint 
cavity. A small amount in tiny globules in histiocytes was present superficially 
in the synovial membrane. The amount of trypan blue present in the synovial 
membrane was apparently about equal on the two sides. 


This experiment suggests that a definite local blocking of the 
reticulo-endothelial system against the phagocytosis of trypan blue 
cannot be produced by an oil of low toxicity, like liquid petrolatum. 
Oils, e. g., olive oil, were used extensively in the mobilization of stiffened 
joints by Baer ** and others, but their use was discontinued because 
fibrosis and increased stiffening of the joints resulted. Liquid petro- 
latum is absorbed slowly when injected into tissues, as numerous .- 
observers have found, but the rate and amount of absorption are not 
sufficient to produce a noticeable local change in the function of the 
reticulo-endothelial system. 
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EXPERIMENT 8.—Two rats were given 8 cc. of a 2 per cent solution of trypan 
blue by stomach tube intragastrically twice weekly seven and fourteen times, 
respectively. The dye was apparently well tolerated by the gastro-intestinal tract ; 
the animals remained in good health and ate heartily. There was slight blue 
staining of the feces. The animals slowly became blue, but the staining of the 
skin was much less than in any of the rats receiving an equal number of injections 
subcutaneously. 

Necropsy showed marked staining of the lower end of the esophagus and the 
stomach. The staining of the intestinal tract was less and faded out entirely when 
the transverse colon was reached. The mesenteric lymph nodes were stained a 
deep blue. There was a moderate amount of blue staining of the diaphragm, liver, 
spleen and kidneys. The femorotibial joints showed a moderate deposition of 
trypan blue, chiefly in histiocytes, which was similar to that seen in the previous 


experiments. In no case was this equal to the amount observed after subcutaneous 
injections. 


Fig. 5.—Photomicrograph of a knee joint of a rat after twelve intra-articular 
injections of liquid petrolatum followed by twelve subcutaneous injections of 
trypan blue. A moderate amount of dye is present in histiocytes, chiefly in the 
superficial parts of the synovial membrane. A number of histiocytes appear vac- 
uolated. 


This experiment showed that deposition of trypan blue in reticulo- 
endothelial cells around the joints can occur after absorption of dye 
through the gastro-intestinal tract. Apparently a longer time is required 
and greater amounts of dye are necessary to produce a demonstrable 
deposition in the synovial membrane. It is well known that trypan 
blue given orally is not absorbed readily at first but that later, after 
considerable damage has been done to the mucosa of the gastro-intestinal 
tract, marked absorption takes place. There are numerous clinical 


q 


80 ARCHIVES OF SURGERY 


observations that certain foodstuffs in large amounts or with improper 
metabolism can lead to pain *° and swelling in joints. We have proof 
in gout of the harmful effects of excessive purine intake by the deposi- 
tion of urates about articular cavities. Fletcher and Graham,*' Lane, 
and Osgood ** have observed disturbances in joints apparently asso- 
ciated with faulty elimination from the body. 

The study of the joints from our animals shows how readily particu- 
late matter can be taken up from subcutaneous tissues or from the 
gastro-intestinal tract. Several stages of phagocytosis, with carriage 
chiefly through the blood stream, were probably required before the 
ultimate deposition of the matter in articular tissues. Subsequent 
removal of at least the larger amount of the dye, with eventual excre- 
tion from the body, would undoubtedly have taken place if sufficient 
time had been given. How much harm could have been done to the 
joint in the temporary storage of more irritating substances can only 
be conjectured. 

The reticulo-endothelial system in its relation to joints becomes of 
more than academic importance when one considers that materials of 
greater than molecular size, bacterial toxins or metabolic products, can 
be carried through the blood stream to articular cavities from the super- 
ficial tissues and from the gastro-intestinal tract.°* Materials given by 
injection in the treatment of arthritis which do not remain in solution 
are removed from the tissues and the circulating blood by this aggrega- 
tion of phagocytic cells. The fact that in our animals distribution and 
storage of trypan blue were less in articular tissues than in other tissues, 
especially hepatic and renal, leads one to question how effective many 
of the solutions of intricate molecular composition and the great number 
of colloidal preparations used parenterally for diseases of the joints 
really are as local bactericidal agents or metabolic stimulants. One 
supposes that their only therapeutic efficacy is due to a stimulation of 
the reticulo-endothelial system.** 

Bacteria and other substances absorbed from various tissues usually 
are brought to joints after passing through the liver. This organ 
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probably plays the part of intermediary in the carriage of all toxic 
substances to articular tissues from the gastro-intestinal tract. Whether 
noxious substances reach joints only when they are brought in too large 
quantities or when the functional activity of the liver is impaired, we 
do not know. In certain parts, e. g., the extremities, particulate matter 
can be transported to joints without passage through the liver. The 
passage of bacteria or toxins may occur in this manner from foci of 
infection.** 

Our study shows the common mechanism for the removal of 
material from tissues of the body and from the gastro-intestinal tract 
and the manner in which such material can be stored about articular 
cavities. All the evidence suggests thag, bacteria and toxins not in solu- 
tion may be carried in the same way. What relation bacteria or toxins 
stored in articular tissues by the reticulo-endothelial cells may have to 
the evolution and continuation of the various arthritides is only partially 
answered by clinical investigation.** That many bacteria are destroyed 
within histiocytes is well known.** It is equally well known that other 
bacteria multiply intracellularly and eventually destroy the phagocytic 
cell.°° Tuberculosis of joints in all probability occurs in this manner. 
A number of investigators have reported the isolation of bacteria from 
joints involved by chronic arthritis.°° As to so-called toxins, we believe 
that they exist and that they may arise from foci of infection and from 
the gastro-intestinal tract, but such substances have not been isolated or 
recovered from articular cavities. Experimental studies have shown 
that many substances introduced into the articular cavity can produce 
inflammation of, and injury to, joint tissues.** 

The important question and one still unsolved is: How can one use 
the reticulo-endothelial system in the therapy of articular diseases? 
Knowledge is still too fragmentary to offer any definite leads for the 
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mechanical or pharmacologic stimulation of this system.** Nissen * 
has shown that injections of protein in small doses stimulate it, and 
Soper ** has observed a similar effect with small doses of roentgen rays. 
Depression of the function of the reticulo-endothelial system in order 
to prevent the carriage of substances to joints would scarcely be pos- 
sible, nor might it be desirable. But if one can stimulate it,®° in order 
to secure more efficient removal of bacteria or inflammatory products 
and tissue débris, and in addition bring about the more abundant pro- 
duction of intracellular antisubstances °° against toxins or bacteria," a 
definite advance will have been made in the treatment of articular 
diseases. 
CONCLUSIONS 


1. Colloidal and particulate matter is carried to articular cavities 
from the various tissues of the body, such as the skin and the gastro- 
intestinal tract, through the blood stream. 


2. Such transported material is stored chiefly in histiocytes in the 
synovial membrane. Large amounts are stored in the bone marrow. 
Lesser amounts are seen in the intermuscular septums and in the 
articular fat pads. 


3. Mild inflammation in articular tissues tends to increase the amount 
of deposition of such transported substances. 


4. Local blocking of the reticulo-endothelial system is transitory and 
incomplete and is ineffective in preventing the deposition of colloidal 
and particulate matter in articular tissues. 

+ 
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INFLUENCE OF MOTION ON HEALING 
OF FRACTURES 


W. J. POTTS, M.D. 
OAK PARK, ILL. 


In a recent study of the role of the hematoma ' in healing fractures 
it was shown that bony callus grew readily into a blood clot placed 
over a slight defect in the radius of a dog. As a result of these studies 
it seems warranted to state that the hematoma serves an important 
function in the formation of bony callus: as an indifferent base, a trellis, 
for the ingrowth of callus; as an irritant, stimulating the rapid develop- 
ment of hyperemia and the formation of new capillaries; as a medium 
for the retention of a possible enzyme influencing the deposition of 
calcium salts and the development of osteoid tissue, or as a defense wall 
against the ingrowth of connective tissue. More than likely all these 
factors come into play in the complex process of the formation of new 
bone. 


The fragments of a broken bone incapable of producing or utilizing 
the stimulus for repair by new bone are eventually united by scar tissue. 
Fibrous tissue is the least differentiated structure in the body, and it 
usurps every space not occupied by a more specialized growth. It 
may properly be_termed invasive connective tissue. The only highly 
differentiated structures in the body which repair themselves with like 
cells are osseous, epithelial and glandular tissues. All others are 
repaired by scar tissue, which serves the purpose of joining structures 
and filling in space. The aim of treatment for fracture is to keep out 
fibrous tissue while bone is being repaired by bone. In case of delayed 
union scar tissue invades the space between the fragments; in case of 
nonunion the fibrous tissue completely covers the ends of the fragments 
and renders them incapable of stimulating further bony repair—the 
bone-growing impulse has been choked. Whenever for some reason 
new bone cannot rapidly fill in the gap between fractured surfaces, 
connective tissue bridges the defect. 


This paper is a brief report of an experimental study of the 
ingrowth of fibrous tissue into the line of fracture in the presence of 
slight motion. 


From the Department of Surgery of Rush Medical College of the University 
of Chicago. 

1. Potts, W. J.: The Role of the Hematoma in Fracture Healing, Surg., 
Gynec. & Obst. 57:318 (Sept.) 1933. 
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EXPERIMENTAL WORK 


In the first series of experiments dogs were employed; the radius was sawed 
completely across with a saw 1 mm. wide, the point of division being in the 
midportion of the bone. The muscles were loosely closed with a few sutures and 
the cutaneous edges approximated with fine subcuticular catgut; no dressing was 
applied. No infections occurred. (In earlier experimental work on dogs, in 
which the wounds were closed with through and through skin stitches, infections 
occurred rather regularly.) 


Fig. 1—Roentgenograms of fractures taken at various intervals after opera- 
tion. A (dog 7), thirty-eight days after operation, shows about 50 per cent 
apposition of the fragments, considerable growth of callus along the inner side 
of the lower half of the radius and a moderate amount of callus on the outer 
side of the upper portion of the radius. B (dog 8), sixteen days after operation, 
shows a callus on the medial side of the lower fragment and the lateral side of 
the upper fragment. C (dog 8), thirty-seven days after operation, shows still more 
distinctly how the callus has grown along the sides of the shaft of the bone in 
the protected areas and how the masses of bony callus have approached the ends 
of the fragments but have not bridged them. 


Roentgenograms were made at various intervals. After from forty to sixty- 
five days the animals were killed, and the bones were removed, cleaned and cut 
for microscopic study. Only a few, characteristic protocols will be outlined. 

Doc 7.—On January 12 the left radius was sawed across. A roentgenogram 
(fig. 14) taken on February 19, thirty-eight days after the operation, showed 
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about 50 per cent apposition of the fragments, marked growth of callus along the 
inner side of the lower half of the radius and a moderate amount of callus on 
the outer side of the upper portion of the radius. The callus had formed pri- 
marily in the areas protected by the overhanging bone, where the blood clot 
had been undisturbed and immobile. The entire callus lay outside the periosteum, 
which had been painstakingly neither raised nor injured during the operation. The 
feature most pertinent to this discussion was the observation of a definite transverse 
line at the point of apposition of the fragments, where the roentgenogram showed 
no bony callus. The line was noted at the only possible point of motion. That 
there was some motion was assumed because the animal walked about on the 
leg almost immediately after the operation. The dog was killed forty-two days 


Fig. 2. (dog 8).—Photomicrograph showing large masses of new bone on the 
sides of the shaft and a definite line of fibrous tissue still present between the frag- 
ments after sixty-five days. 


after operation. The specimen which was removed showed a definite fibrous union, 
and microscopic examination confirmed this observation. 


Doc 8—On January 13 the radius was sawed completely across. A _ roent- 
genogram (fig. 1B) taken on January 29, sixteen days after the operation, 
showed a callus on the medial side of the lower fragment and the lateral side 
of the upper fragment; in each instance the callus lay in the protected areas and, 
interestingly, not over the ends of the bone. Another roentgenogram (fig. 1C), 
taken on February 19, thirty-seven days after the operation, emphasized still more 
distinctly how the callus had grown along the sides of the shaft of the bone in 
the protected areas and how these masses of bony callus had approached the ends 
of the fragments but had not bridged them. 
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The dog was killed on March 15, sixty-five days after the operation. The 
radius, which was removed and cleaned of all muscle, showed a large mass of 
callus completely surrounding the ends. of the bone. However, motion between 
the fragments was possible. 

Microscopic examination (fig. 2) showed large masses of new bone on the 
sides of the shaft and a definite line of fibrous tissue still present between the frag- 
ments after sixty-five days. In the center of this fibrous tissue lay an island of 
new bone. The masses of callus on the sides were approaching each other but 
were separated by a large triangular area of fibrous tissue. 


Fig. 3 (dog 11).—Roentgenogram forty-three days after the operation, show- 
ing triangular masses of callus in the protected areas at the side of the shaft. 


Doc 11.—On January 20 the radius was sawed entirely across. In the roent- 
genogram (fig. 3) taken forty-three days later, on March 4, there were noted, 
as in the previous experiments, triangular masses of callus in the protected areas 
at the side of the shaft; the bases of the triangles extended toward the ends of 
the opposing fragment. 

On March 15, fifty-five days after the operation, the animal was killed and 
the radius was removed. Grossly, the fragments were firmly welded together, 
but motion was still possible at the point of the section. 
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A microscopic examination (fig. 4) confirmed strikingly what was shown 
roentgenographically. Since the ends of the bone did not lie in the same plane, 
the microscopic section was approximately of the center of the proximal frag- 
ment and of the very edge of the lower fragment. New bone in irregular masses, 
laid down in nondescript fashion, was observed in the protected areas along the 
shaft. The new bone had filled the space where the blood clot lay undisturbed 
and where, presumably, that something which is undoubtedly released—an enzyme? 
—when the bone is injured could be kept in contact with the ingrowing capillaries 
and influence the deposition of calcium salts and their transformation into bone. 

A definite layer of fibrous tissue, the strands running transversely to the shaft 
of the bone, occupied the space between the fragments. This fibrous tissue had 
grown from without inward. The upper fragment was entirely covered with 


Fig. 4 (dog 11)—Photomicrograph confirming roentgenologic observations. 


adult scar tissue, firmly plastered against the ends of the bone. The stimulus to 
callus formation must have come from the injured bone, and yet the callus lay 
not at the ends of the fragments but at the sides of the shaft. The point of 
motion was necessarily between the ends of the fragments and interfered with 
the formation of osteoid tissue but not with the growth of connective tissue. 


Of the other six animals used, each showed in varying degree what 
is set forth in the foregoing protocols. A voluminous callus was noted 
in each animal, fifty-nine, fifty-four, forty-eight, fifty-five, thirty-five 
and forty-eight days, respectively, after the fracture, but definite motion 
between the fragments was still possible. It is, of course, recognized 
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that eventual bony union would have resulted in each instance, because 
nonunion following simple fracture does not occur in the experimental 
animal. 

To prove that motion was the sole factor in the development of the 
band of fibrous tissue between the fragments of bone, a second series 
of experiments was done, under exactly the same conditions except that 
the bone was sawed only half-way across. The bone remained rigid, 


Fig. 5 (dog 18).—Roentgenogram confirming gross observations. The cut in 
the bone is still visible but is filled with bone, and the callus over the defect is a 
typical heterogeneous new bone. 


but the stimulus to callus formation was present. Twelve animals were 
used, and all showed in varying degree what will be described in one 
characteristic protocol that follows: 


Doc 18.—On February 12 the left radius was sawed half-way across. The 
periosteum was uninjured except at the point of cutting. A blood clot was 
allowed to form over the defect in the bone, and the muscles were loosely closed 
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so as not to dislodge it. On April 12, fifty-nine days after the operation, the 
animal was killed, and the left radius was removed. There was a large callus, 
1.5 cm. long and 3 mm. high, lying over and completely bridging the defect in 
the radius. The callus was greatest directly over the cut. A roentgenographic 
examination (fig. 5) confirmed the gross observations. The cut in the bone was 
still visible but was filled with osseous tissue, and the callus over the defect 
was typical heterogeneous new bone. 

A microscopic examination (fig. 6) confirmed the results of the gross 
examination. The fragmentation was due to the fixative process. The new 
bone filling the defect was continuous with that lying on the shaft. The old 
periosteum of the shaft had been absorbed or ossified, and a new layer of 
periosteum had formed over the mass of callus. The stimulus for the growth 
of this mass of new bone 1.5 cm. long over a defect 1 mm. wide could have come 
only from the minor injury to the bone. 


Fig. 6 (dog 18).—Photomicrograph confirming gross observations. The frag- 
mentation was due to the fixative process. 


COMMENT 


When a fracture occurs there is damage to more than one tissue. 
Each responds to the stimulus to repair. In the vast majority of 
instances the injured periosteum, cortex and endosteum furnish amply 
the necessary stimulus to cause the deposition of calcium salts, their 
transformation into osteoid tissue and, finally, their formation into new 
bone. If conditions are not right—for example, when the periosteum 
has been pulled off or destroyed or the blood supply is deficient or the 
bone sclerotic—scar tissue gains the upper hand and, because of its 
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low differentiation and greater power of growth, fills in the space before 
the elements that cause the regeneration of bone can do so. 

Nonunion is more common after a transverse than after an oblique 
or spiral fracture. .One would expect this for two reasons. First, in 
the latter type there is more raw bone surface and, consequently, more 
stimulation toward callus formation; second, the greater the area of 
opposing raw bone surfaces, the less the opportunity for connective 
tissue to crowd in before regeneration of the bone has established itself. 

Bone is a rigid structure, differing in this respect from all other 
tissues. It seems reasonable to suppose that for the repair of such a 
rigid structure immobility is essential. If there is movement in the 
mold as a cement block hardens, a weak spot will result; if there is 
motion between freshly broken ends of bone the newly solidifying 
callus will break, and if this trauma is repeated often enough, fibrous 
tissue will grow in. Fortunately, the stimulus to healing of bone is 
usually sufficient to overcome many handicaps to its repair. A fracture 
in a child practically always heals; in an adult, a fracture at the end 
of a long bone, such as the upper or the lower ends of the tibia or 
the lower end of the humerus, radius or femur, practically never fails 
to unite. In a fracture about a joint, where the bone is cancellous and 
the blood supply is good, healing occurs regardless of mobility and often 
with excessive callus, while in a fracture of the middle third of the 
humerus, the tibia or the radius, where the bone is sclerotic and the 
blood supply uncertain, there is always the danger of nonunion. 
Buresch * designated as “a pathological axis” that point in the mid- 
portion of a long bone where the muscles, acting on the fragments, 
produce motion of the fractured surfaces on each other, with a conse- 
quent pseudarthrosis. Besides accurate reduction, Bohler * emphasized 
the importance of continuous, uninterrupted fixation until healing 
occurs. To this end he has long advocated the unpadded cast, claiming 
that a heavily padded cast allows too much motion and promotes non- 
union. During the healing process he advised activity of as many 
joints of the extremity as possible, as well as movement of the entire 
body but as absolute a fixation as_pessible of the fractured surface. 
Bum * said: “Keep the bones still but the muscles active.” 


2. Buresch, A.: Pseudarthrose und Muskel, Arch. f. klin. Chir. 143:739, 1926. 


3. Bohler, L.: Offene Kampfansage gegen Massage und passive Bewegungen 


bei frischen Knochen- und Gelenksverletzungen, Miinchen. med. Wcehnschr. 
80:1040, 1933. 


4. Bum, A.: Die Mobilisierung in der Extremitatschirurgie, Med. Klin. 
17:1571, 1921. 
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CONCLUSION 

This series of experiments demonstrates : 

1. The profuse growth of callus in the protected area about any 
point of injury to the bone. 

2. The ingrowth of fibrous tissue between the fragments of bone 
at the point of motion. 

3. The rapid and complete bridging of a defect in the bone in the 
presence of complete immobilization. 


The stimulus of function in old poorly healing fractures is quite 
another story. 
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CYSTS OF THE SEMILUNAR CARTILAGES 


GEORGE E. BENNETT, M.D. 
AND 
M. B. SHAW, M.D. 
BALTIMORE 


Cysts of the menisci of the knee joint are of sufficient rarity that 
we wish to present the 4 cases that we have observed and summarize 
the material collected from the available literature. We have been able 
to find 159 case reports, making a total of 163 cases described to date. 
All authors are agreed on the symptomatology, the signs and the treat- 
ment, but there is some difference of opinion as to the etiology. We 
shall discuss the points of agreement and dissension and then present 
our cases. 

Nicole in 1933 was able to collect reports of 127 cases from the 
literature. We have found reports of 36 additional cases, including our 
own. In 23 of these 163 cases the cyst was in the medial meniscus and 
in 104 in the lateral meniscus. In 36 cases the site was not stated. One 
case of bilateral cyst was reported by Majer. The right knee was 
involved in 43 instances and the left in 33, the leg not being differen- 
tiated in 87 cases. Of the 163 patients, 76 were males and 25 females ; 
in 62 cases the sex was not stated. 


SYMPTOMS 


Typically the patient with a cyst of the meniscus is a young adult 
who has suffered aching pain or has noted a mass in the region of the 
knee. Of the 33 cases in which the principal complaint was noted, 
pain was outstanding in 16 and the presence of a mass in 17. The 
duration of symptoms varied from seven days to ten years in the 40 
cases in which this feature was recorded. 

A frequent complaint was easy fatigue of the affected limb. In 
only a few instances did the condition cause a limp or limit the motion 
of the knee joint. 

Trauma was noted in 23 cases, while in 29 cases no injury was 
known to have occurred. In the other 110 cases this particular factor 
was not reported. Heusser stated that 50 per cent of patients gave a 
history of injury. There is no similarity in the types of trauma, which 


range from slight twists to severe “clipping” injuries sustained in 
football. 


From the Department of Orthopedic Surgery, Johns Hopkins Hospital. 
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The onset of symptoms is insidious. The pain may be aching or 
sharp, and it remains a constant feature, while the tumor rather rapidly 
reaches a maximum size and then remains stationary. The pain may 
radiate up or down the leg but is always readily localized in the affected 
area. No cases have been reported in which there was pain but no 
gross mass on examination and microscopic section showed a cyst. This 
is a curious fact, because one would think that occasionally a cyst 
would be discovered incidentally among the hundreds of cartilages 
removed each year for other reasons. 


Avaiiable Case Reports 


No. of No. of 
Year Author Cases Year Author Cases 
? *Allingham 1 1929 Nové-Josserand................. 1 
1883 Nieaise 1 i 
1898 Kummer 1 1929 Campbell and Mitchell.......... 9 
190 Schmidt 1 2 
1925 *Hinrichsmeyer............ ..... 1 1 
1926 Allison and O’Connor.......... 3 4d 
1 1983 Burman and Sutro............. 6 
1927 Zadek and Jaffe................ 1 Royal College of Surgeons, 
1 Records of St. Bartholomew's 
1928 3 Records of the Royal National 
1928 ll Orthopaedic Hospital........ 
1928 1 1936 Bennett and Shaw.............. 4 
1929 18 


* Cited by Nicole. 
PHYSICAL EXAMINATION 


The general physical examination throws no light on the local con- 
dition. No pathognomonic physical type or associated general physical 
signs are noted. Rheumatic fever and syphilis were reported in only 
a single instance. No cysts were reported in arthritic patients, though 
popliteal cysts and other synovial outpouchings are common in this con- 
dition. Neoplasms have not been associated with this lesion. Ganglions 
of other locations are not noted to be concomitant with this tumor. Caan 
reported a ganglion of the cruciate ligaments, not associated with a 
meniscal cyst, however. 

The mass varies in size from that of a hazelnut, or roughly 1 by 
1 cm., to that of a large hen’s egg, or 3 by 4 by 5 cm. It is tense, 
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rather firm or semifluctuant, sometimes rubbery in consistency. Ten- 
derness is elicited only on deep pressure. The tumor is frequently 
noted to vary in size in different positions of the knee, usually enlarg- 
ing on extension and decreasing on flexion, though the reverse may 
sometimes obtain. 

No signs of local heat or redness have been reported. 

The mass appears along the attachment of the anterior third of 
the cartilage and presents over the anterolateral or anteromedial aspect 
of the head of the tibia. It has been frequently noted that the mass 
feels as though attached to this portion of the bone. Most cysts are 
firmly fixed to the underlying structures, but occasionally one is seen 
which is sessile beneath the subcutaneous tissue. 

The lateral, medial and cruciate ligaments are not commonly relaxed, 
though this depends on whether a previous injury of sufficient severity 
has been sustained. Certainly cysts per se are not responsible for 
relaxation. A tear of the affected meniscus was found in only a few 
cases. 

Increase in the amount of synovial fluid was noted in only 2 
instances, though no note was made on this point in the majority of 
cases. 

Flexion deformities were observed in 2 cases, 1 of 5 degrees and 1 
of 10 degrees. Atrophy of the thigh or calf was rare but was present if 
associated with much disuse. In 1 case a rubbery crepitus was present 
on motion. 

DIAGNOSIS 


The diagnosis should not be difficult to make. Differentiation from 
a bursa arising from beneath the medial and lateral ligaments and true 
synovial outpouchings from the joint offer the most common problem. 
Tumors of the same consistency as the cysts arising from skin, sub- 
cutaneous tissue, ligaments, bone, cartilage, lymph and blood vessels 
and nerve elements might cause some doubt, but tumors of these types 
are rare in this region. Joint mice or a thickened synovial tag could be 
responsible for a mass in the proper location, but the history and the 
associated signs would indicate the diagnosis. 

A distinction should be made between parameniscal and true cysts 
of the cartilage, but most writers have not done so. Indeed, in many 
instances this distinction would be hard to make, as the primary cyst 
arises from the lateral edge of the cartilage and immediately dissects 
outward through the capsule, thus being parameniscal in the bulk of 
its growth. 

ETIOLOGY 


No cause for the growth of cysts of the semilunar cartilages is 
known. Trauma is held by most authors as the inciting factor. How- 
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ever, injury is not known to have occurred in approximately half the 
cases reported. It is also worthy of remark that of the hundreds of 
cartilages removed each year because of tears, cysts are reported as 
a concomitant finding in only 3 or 4 cases. Certainly the major traumas 
are not to be blamed as the inciting factor in the origin of these cysts. 


The age of the patient is significant, in that the cysts are most prone 
to develop in the latter part of the second decade and in the early part 
of the third decade. This is clearly shown in figure 1. The average 
age of the 73 patients whose age was stated was 29.6 years. 


Most authors have expressed the belief that the course of events 
in the formation of the cysts starts with trauma and is followed by 
hemorrhage into the injured area, mucoid degeneration of the hema- 
toma and the fabrication of a pseudomesothelial cyst wall by compres- 
sion of the surrounding fibrocartilage. This process is thought to 
represent a more or less acute change. Allison and O’Connor, Nutter 
and Blew, Colonna, Folliasson, Jean, Jastram, Heusser, Nové-Josserand, 


PATIENTS 


20 35 40 


Fig. 1—Age incidence in 73 cases (average, 29.6 years) 


Kroiss, Krapf, Mandl, Orr and Heggie, Pelizaeus, Pyle, Silfverskiold 
and Sorrel have indicated that they accept this theory. Another 
group have said that the process is less acute, that the wear and tear 
trauma is a more potent factor and that the cysts are identical in nature 
with ganglions formed in other locations. The formation is, however, 
dependent on a mucoid degeneration of the fibrocartilage, so that 
essentially the two theories are not unlike. Bristow, Oudard, Seguy 
and Dalger, Campbell and Mitchell, Phemister, Fisher, Ebner, Eding- 
ton, Schmidt, Tobler, Nicole and Thorn have inclined to the latter view. 

Taylor has added what would seem to be an astute observation. In 
his collection of cases he noted that a minor trauma, such as a blow 
over the attachment of the cartilage, is characteristic in the history. 
This explains the more frequent occurrence of the cyst in the lateral 
meniscus and also explains why a history of injury is elicited in less 
than half the cases. The lateral meniscus is more exposed to blows, 
and contusions are less likely to be remembered than injuries which 
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cause gross damage to the cartilage. Taylor has pointed out, too, that 
the cyst always presents in the most exposed portion of the cartilage, 
hence where there is more likelihood of injury. 

Ledderhose noted obliterative changes in the arterioles of the para- 
meniscal tissues and gave as his opinion that this might be a factor 
in causing degenerative changes in the cartilage. Kleinberg has stated 
his belief that the degenerative process is initiated by a local change in 
cell metabolism or perhaps by injury to blood or lymphatic channels. 
Burman and Sutro noted that in cartilages taken from joints of persons 
past the third decade of life there is normally a mucoid degeneration, 
without cyst formation, however. They said that cyst formation from 
these areas is possible, though they have not observed it. The majority 
of cysts occur, as noted in the table, in the age group from 15 to 25 
years, so that it seems unlikely that senile changes in the cartilage cause 
many of the cysts. 

Ollerenshaw, Zach-Christen, Kiittner and Venezian have expressed 
the belief that the cysts are congenital in origin because of the type of 
endothelial lining present. Most authors have considered that this lining 
is the result of a secondary change, namely, a sphere of compressed 
fibrous tissue cells. 

Majer has stated that trauma plus a congenital factor is the cause. 

King has stated that the cysts arise as a result of the activity of 
cells secreting a gelatinous fluid. “Certain cells enlarge and secrete 
mucoid material into the connective tissue between them; some of this 
material becomes more fluid and cysts form; these gradually enlarge 
and the cells in the neighborhood revert to their original spindle form. 
In other words, a joint cavity is formed.” 

Geschickter and Lewis have said that the fact that the cysts develop 
at the point of junction of the perichondrium and the synovia at the 
joint margin suggests that these cysts are synovial inclusions. They 
have expressed the belief that the cysts are akin to those that arise in 
the synovial membrane and to ganglions developing in tendon sheaths. 
They have noted that their origin is in “regressive mucoid changes in 
pre-cartilaginous tissue.” 

Zadek and Jaffe expressed the opinion that the cysts may be the 
result of synovial implants into the cartilage at the time of trauma. 

It does not seem improbable that a cyst may arise by any of these 
various theoretical processes. Careful study of a large number of 
specimens would probably show that more than one type of cyst does 
exist. 

In our opinion Taylor’s theory of a blow over the exposed portion 
of the cartilage seems to carry considerable weight. From a study 
of the age group in which these cysts are most common and from the 


4 
« 
‘ 
1 
‘ 


BENNETT-SHAW—SEMILUNAR CARTILAGES 97 


fact that the lateral cartilage is most exposed and that cysts are not 
seen with tearing injuries of the cartilages, we feel that we have a real 
lead as to their origin. 

TREATMENT 


There is unanimity of opinion as to the treatment. Excision of 
the cyst with the cartilage effects a cure in all instances. Excision of 
the cyst alone results in recurrence in a high percentage of cases. The 
fact that the cyst recurs when the cartilage is retained seems to warrant 
the assumption that the cartilage itself is the source of origin of the 
cyst. 

Methods of removal vary with the technic to which each operator 
is accustomed. Removal usually requires that the capsule of the joint 
be opened more widely than for simple removal of a torn. meniscus. 
Hence it is a procedure requiring from four to eight weeks before full 
return to normal function is attained. 


PATHOLOGIC FEATURES 


The cysts are from 1 to 5 cm. in diameter and protrude from the 
cartilage along its capsular border in the middle or anterior third. They 
have a definite limiting membrane which is grayish or yellowish white, 
depending on the color of the enclosed gelatinous fluid. The consistency 
of the fluid is that of egg white. On section the cyst is usually multi- 
locular. The larger portions are located outside the cartilage, appearing 
in the fibrous tissue of the capsule. Only cysts that are 1 or 2 mm. 
in diameter are located in the meniscus proper. Rarely does the cyst 
present within the joint, giving symptoms of synovial irritation. Duval. 
and Moutier and Lecéne have reported cases in which the cyst arose 
near the anterior border of the lateral cartilage and was not connected 
with the meniscus itself. It apparently arose from the region of the 
patellar ligament. 

Microscopically the cysts are filled with a structureless hyaline or 
mucoid material. The lining of the cavity varies from a thin mesothelial- 
like wall to a rather thick wall, seemingly composed of compressed 
fibrous tissue cells. Venezian has described villous projections of the 
wall, but the evidence does not appear conclusive that these are true 
synovial-lined cavities. 

The ground substance about the cysts is the normal fibrocartilage 
of the meniscus or the fibrous tissue of the capsule. Occasionally the 
surrounding structures show a few round cells, as evidence of an irri- 
tative process, but no signs of active inflammation have been reported. 
Meniscitis is a recognized pathologic entity, however. Estor described 
a case of chronic traumatic meniscitis. 
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Ledderhose described arteriolar thickening about the cysts, but the 
majority of specimens have shown no such change. It is more probable 
that these changes are part of the physiologic ageing of the cartilage, 
as are the mucoid degenerative changes described by Burman and Sutro. 


CASE REPORTS 


Case 1—R. S., a 39 year old physician, was admitted to the hospital on 
June 19, 1932, because of pain in the left knee. 

History.—The family history was unimportant. 

Three weeks before the patient’s admission to the hospital pain and tender- 
ness developed about the lateral aspect of the left knee. The pain radiated down 
into the foot and up into the thigh. It was an aching pain, at times intense, 
and sometimes it disturbed his sleep. The knee was most comfortable when held 
in slight flexion. Infrequently there was no pain. The patient knew of no injury 
to the knee and had not noted any local heat, redness or increase in the amount 
of synovial fluid. 

Two weeks before admission he noted a mass just above and anterior to the 
head of the fibula which gradually increased in size. The mass was not tender, 
except on deep pressure, and did not vary in size. 


Examination.—The patient was well developed and well nourished. A general 
physical examination revealed nothing of note, with the exception of a firm 
mass, 3 by 0.5 cm. in diameter, over the head of the left fibula. It was firm 
in consistency and seemed attached to the bone. It was not fluctuant and was 
tender only on heavy pressure. The motion of the knee joint was not impaired. 
There was no increase in the amount of fluid, and no relaxation of the joint cap- 
sule was noted. The mass did not change in size on movement of the joint. The 
cruciate ligaments were intact. 

The diagnosis was cyst of the left lateral meniscus. 


Operation—A 6 inch (15 cm.) incision was made over the lateral aspect of 
the knee. A translucent cyst was presented beneath the subcutaneous fat. On 
dissection the cyst was found to be connected with the anterior margin of the 
external cartilage. The cartilage and cyst were excised intact. The joint was 
closed in layers in the usual manner. 


Postoperative Course —Healing was uneventful, and the sutures were removed 
on the eighth day. Full use of the leg was regained in six weeks. 

Case 2.—C. H., a 20 year old male student, was admitted to the hospital in 
May 1934, because of pain in the right knee. 

History—The family history was unimportant. _ 

The patient had the usual diseases of childhood without complications. He 
had had no operations or severe injuries. 

About one year before admission to the hospital he twisted the right knee 
and immediately noted pain and swelling in the region of the joint. He was treated 
in the Walter Reed Hospital, in Washington, D. C., for several days. After the 
subsidence of the acute symptoms the knee was much better, but an aching pain 
persisted. He complained of a tired sensation in the knee after walking or 
athletics. He had not noted any slipping or locking of the joint. 


Physical Examination—The patient was well developed and well nourished. | 
The cervical glands were enlarged slightly. There was a soft systolic cardiac 
murmur. Otherwise, the general physical examination did not show anything 
remarkable. 


BENNETT-SHAW—SEMILUNAR CARTILAGES 99 


The right knee presented a small mass, 2 by 2 cm. in diameter, that was 
visible and palpable on the lateral aspect of the knee joint. It was apparently 
attached to the head of the tibia. It was firm and was not tender or fluctuant. 
There was no local heat or redness. Motion in the joint was not limited; in fact, 
slight hyperextension was noted. There was no relaxation of the capsular struc- 
tures, though the anterior cruciate ligament seemed somewhat lax. When the 
patient stood or the knee was hyperextended, the mass increased slightly in size 
and became much more tense. There was no increase in the amount of synovial 
fluid. 

The diagnosis was cyst of the lateral meniscus or a bursa beneath the lateral 
hamstrings. 


Laboratory Examination—The Wassermann reaction was negative. The blood 
and urine were normal. 


Operation (May 28, 1934).—An incision was made over the mass parallel to 


the course of the meniscal attachment. A translucent multilocular cyst was imme- 
diately encountered beneath the subcutaneous fat, arising from the lateral meniscus 


Fig. 2 (case 2).—Gross appearance of the fresh specimen. 


by a broad base. The cyst and the cartilage were removed intact. The joint was 
closed, the capsule being plicated for about 1.5 cm. 


Postoperative Course-—The wound healed by first intention. Full use of the 
knee was regained in eight weeks. 


Pathologic Report—The specimen consisted of semilunar cartilage, 4 cm. long. 
Its surface was smooth and appeared normal. With it, however, was included 
a large amount of flexible, tough, somewhat translucent material of unusual 
amount and appearance. On section it was seen to merge insensibly with the 
cartilage. The general appearance was that of a tumor arising from the semi- 
lunar cartilage. The cut surface showed several small cystlike areas containing 
gelatinous material. These apparently communicated with each other and might 
well have been cysts formed in this tissue. Their appearance was more like that 
of degeneration tissue, however, than tumor tissue. Two blocks were taken, and 
sections showed normal fibrocartilage microscopically. In the soft tissue about 
these areas were a number of collapsed cysts lined with mesothelial cells similar 
to those present in the cavities of joints. In some places the lining was thickened 
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by hyaline connective tissue. Elsewhere the stroma was loose. These features 
were shown to a more advanced degree in the section from the second block. 
The amount of fibrous tissue suggested the presence of a tumor, but the general 
appearance was like that seen in case 3, which was more like the appearance of 
an inclusion cyst resulting from trauma. 

The diagnosis was multiple cysts of the semilunar cartilage. 

Case 3.—E. P., a 23 year old male Negro student, was admitted to the hos- 
pital on June 9, 1934, because of pain in the right knee. 


History—The family history was unimportant. 


Fig. 3 (case 2).—Low and high power photomicrographs of a cross-section 
of the cyst. 


The patient had measles, mumps, whooping cough and chickenpox as a child 
and pneumonia in 1917. 

In the fall of 1932 the patient was “clipped” while playing football. He had 
immediate pain followed by swelling of the right knee. The painful area was 
first on the lateral and then later on the medial aspect of the joint. The knee 
was swollen for several days, after which the swelling subsided but the pain per- 
sisted when the patient walked. The knee was injured again in the fall of 1933 
in a similar manner. Since then the patient had noted discomfort and clicking on 
the medial side of the joint. For two months he had noted some swelling over 
the painful area. There had been no locking or increase in the amount of synovial 
fluid since the initial injury. 
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Examination—A general physical examination showed that the patient was 
well developed and well nourished. The rest of the examination was essentially 
normal, except for a soft systolic cardiac murmur heard in the mitral and pulmonic 
areas and thought to be of functional origin. 

There was full range of motion in the right joint. There was tenderness over 
the anterior attachment of the medial meniscus, and in this region there was a 
small tumor, measuring 1.5 by 1.5 cm. It was firm and elastic in consistency and 
seemed attached to the margin of the tibia. There was no increase in the amount 
of synovial fluid, and no relaxation of the articular capsule or of the cruciate liga- 
ments was noted. 

The diagnosis was bursa or cyst of the right medial meniscus. 


Treatment.—The area was treated with local diathermy, with no improvement 
as regards either pain or swelling. Exploration was advised. 


int semilugar cart  med.con 


Fig. 4 (case 3).—Drawing of the appearance of the cystic mass at the time of 
operation, showing the origin from the cartilage by a pedicle. 


Operation (June 11, 1934).—The right knee joint was entered through the 
medial parapatellar route. The meniscus was intact. The skin flap was then dis- 
sected back over the area where the tumor was presenting. A translucent cystlike 
mass was at once encountered. When an attempt was made to free it, the cyst 
wall was ruptured, and a small amount of clear, viscid material escaped. The 
cyst was freed and was found to be attached to the medial meniscus by a short 
pedicle. The meniscus and the cyst were removed intact. The joint was closed 
in the usual manner with some plication of the capsule. 


Postoperative Course -—There was a severe local reaction in the wound on the 
seventh day following operation. The temperature was 103 F. The wound was 
opened. Cultures of material from the wound were sterile. The severe reaction 
was thought to be due to the catgut used. Healing was associated with considerable 
stiffness, owing to contracture of the soft tissues. Motion was regained by means 
of physical therapy and manipulation under anesthesia, followed by myositis ossifi- 
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cans of the quadriceps femoris and the remnant of cartilage attached to the posterior 
medial ligament. Full restoration of function was obtained after prolonged physical 
therapy. The disability lasted for twelve weeks. 


Pathologic Report—Dr. Vandegrift reported that the specimen of semilunar 
cartilage appeared to be normal. With it was included more than the usual amount 
of fibrous material. The cut surface showed several small translucent areas which 
looked like cysts and contained soft, gelatinous material. Microscopically, cross- 
sections of the cartilage appeared to be normal, but attached to the cartilage was 
a fair amount of soft tissue which presented an unusual feature, in that it con- 


Fig. 5 (case 3)—Low and high power photomicrographs of the specimen. 


tained several small cysts lined by flat mesothelial-like cells similar to those found 
lining the cavities of joints. About the largest cyst were a number of smaller 
ones. None of these cysts was in the cartilage itself, and all were without content 
in the section. These cysts had the appearance of mesothelial inclusions and 
could well have been due to trauma. It was interesting to compare these sections 
with those in case 2, which showed these changes to a more marked degree. 
The diagnosis was multiple cysts of the right medial semilunar cartilage. 
Case 4.—L. A. J., a 40 year old meat cutter, was admitted to the Church 
Home and Infirmary because of painful swelling of the right knee. 
History—The family history was unimportant. 
The patient had the usual diseases of childhood without complication. He had 
typhoid at 18. Left inguinal herniorrhaphy was performed in 1931. 
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About one year previous to admission the patient began to have pain in the 
right knee. A few months later he noted a small swelling on the medial aspect 
of the right knee. The pain was aching in character and continued intermittently. 
The swelling has gradually increased. Extension of the knee aggravated the 
pain. The patient could not recall any injury to the knee. 


head of 


of 


leq rested lateral 


Fig. 6 (case 4) —Drawing showing the location of the cyst, the line of incision, 
the operative procedure, and the gross appearance of the cyst in toto and in 
cross-section. 3 


Fig. 7 (case 4)—Photograph of the gross specimen showing the cysts held 


open with pieces of cork. This is a longitudinal section with part of the car- 
tilage removed. 


Examination.—The patient was a well developed and well nourished man. The 
teeth were carious, and the tonsils were enlarged. There was a scar in the left 
inguinal region; the right inguinal ring was relaxed. 

A small swelling was present on the upper end of the tibia on the mesial 
aspect of the knee. The mass was fluctuant and tender to pressure. 
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The diagnosis was bursa or cyst of the cartilage of the medial aspect of the 
right knee. 

Operation.—The internal semilunar cartilage and a cyst were excised from the 
right knee on Oct. 16, 1934. 

Postoperative Course-—The wound healed per primam. 


Pathologic Report-——Dr. Sprong reported that the specimen of semilunar car- 
tilage had fibrous tissue attached along its outer margin. The entire mass 
measured 5 by 3 by 1.5 cm. The fibrous tissue along the edge contained a number 
of cystic areas with a smooth lining. Cross-sections of this fibrous tissue showed 


Fig. 8 (case 4)—Low and high power photomicrographs of the specimen. 


at one edge normal appearing fibrocartilage and dense fibrous tissue. Attached 
to this was an area of connective tissue which was much more cellular and through- 
out which were many irregular spaces lined by a modified connective tissue which 
appeared like synovial membrane. These varied in size from tiny capillary spaces 
to large irregular spaces 4 or 5 mm. across. No evidence of neoplasm was seen. 

The final diagnosis was multiple cysts of the medial semilunar cartilage of the 
right knee. 


SUMMARY 

From the 159 cases of cyst of the meniscus of the knee reported 
in the literature an analysis has been made as to the location, age group, 
signs, symptoms and pathology of cysts of the semilunar cartilages. 
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A cure can be obtained by extirpation of the cyst with the meniscus. 

This type of cyst probably arises in a traumatized area in the cap- 
sular border of the cartilage, which undergoes mucoid degeneration and 
cyst formation. The cysts are ganglions of the menisci. 

Four cases of cyst of the meniscus of the knee are presented. 
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CUTANEOUS HYPERALGESIA OF THE ABDOMEN 


AN EXPERIMENTAL STUDY 


SATER NIXON, M.D. 
INDIANAPOLIS 


Cutaneous hyperalgesia has achieved a position of some interest in 
the diagnosis of those acute diseases of the abdomen for which surgical 
intervention is indicated. However, the mechanistic causation of this 
somatic manifestation remains somewhat obscure and speculative and 
therefore appears to be worthy of further experimental study. 

Subsequent to the publication of Ross’ memorable work on referred 
pain in visceral diseases, Mackenzie,” in 1893, noted areas of cutaneous 
hyperalgesia in association with such diseases. The increase in sensi- 
tivity in these regions was explained by postulation of a viscerosensory 
reflex, whereby bombardment by afferent splanchnic stimuli from an 
inflamed viscus produced an irritable focus in the gray matter of the 
spinal cord, with a resulting increase in the excitability of the sensory 
nerves of the abdominal wall which enter the affected segment. The 
observations of Sir Henry Head* on the segmental innervation of 
the skin, in connection with his study of herpes zoster, have been 
assumed to support this hypothesis. 

Morley * questioned this orthodox theory of a _viscerosensory 
mechanism of production of associated pain, pointing, among other 
things, to the unilateral distribution of the alteration in sensation and 
to the fact that the points of maximum hyperalgesia do not invariably 
correspond to the segmental innervation of the inflamed viscus pre- 
sumably involved. He wrote convincingly on the subject and suggested 
that the presence of a peritoneocutaneous radiation, in which the nerve 
pathways are somatic only, would be a more logical explanation of the 
occurrence of the pain. 

Lennander’s ° investigations disclosed that the parietal peritoneum 
and its subserous layer are richly supplied with cerebrospinal sensory 
nerves. Ramstrém,® in 1908, proposed to test this membrane for 
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pressure sense, having already demonstrated the presence of pacinian 
corpuscles. In his experiments, after the incision was made through 
the wall of the abdomen, with the area under cocaine anesthesia, the 
neighboring peritoneum was tested by insertion of a rubber-covered 
finger and a flat spatula. Lennander demonstrated that there is no 
pressure sense of the parietal peritoneum. He was convinced, however, 
that this membrane is endowed with an acute pain sense. The experi- 
ments of Capps and Coleman‘ have shown conclusively that pain is 
elicited by stimulation of the parietal peritoneum and localized (with 
considerable accuracy) to within 1 inch (2.5 cm.) of the point irritated. 
The positive response to the Blumberg “rebound”’ test which occurs in 
cases of acute appendicitis, cholecystitis, etc., has been explained by the 
suggestion that the sudden release of pressure causes a suction between 
the visceral and the parietal layer of the peritoneum, the resulting 
irritation of the parietal layer, with its contained cerebrospinal receptor 
endings, producing pain. 

My purpose in this investigation was to determine the effect, if any, 
of irritation of the parietal peritoneum on production of cutaneous 
hyperalgesia. From the nature of the study it is obvious that observa- 
tions on animals would be unsatisfactory. Therefore, experimental 
methods were applied to human subjects at the Methodist Hospital of 
Indianapolis during the course of operative procedures for various 
abdominal lesions. 

METHOD OF STUDY 

The subjects were chosen at random, irrespective of the degree of sensitivity 
of the patient to external stimuli. The preoperative medication consisted of oral 
administration of 9 grains (0.6 Gm.) of sodium amytal during the twelve hours” 
preceding operation, with 4% grain (0.01 Gm.) of morphine sulfate administered 
hypodermically just prior to operation. After incision of the abdominal wall (which 
had been anesthetized by local infiltration with a 0.5 per cent solution of procaine 
hydrochloride without epinephrine) the experiments were carried out essentially 
according to the method of Ramstrém. However, in order to facilitate and main- 
tain adequate exposure of remote areas of the parietal peritoneum selected for 
testing, it was found to be necessary to improvise certain instruments. A slightly 
curved tube, 2 cm. in diameter and 18 cm. in length, with a fenestration of 1.5 cm. 
throughout its anterior length, was fashioned of sheet metal, and to it was welded 
a flat handle 10.5 cm. in length. The polished inner surface of the tube favored 
transmission of reflected light (fig. 1). A second instrument consisted of a 
slightly curved uterine sound, to the tip of which was brazed an elliptic metal 
terminal, so machined that the flat surface, which measured 1.3 by 2.5 cm., pos- 
sessed numerous, relatively sharp studs (fig. 1). A standard olivary-tipped 
uterine sound and a French dressing forceps were also used. Through the various 
operative wounds, the metal tube (which might be termed an abdominoscope) was 
introduced into the abdominal cavity in a position contiguous to the surface of the 


7. Capps, J. A., and Coleman, G. H.: Localization of Pain Sense in Parietal 
and Diaphragmatic Peritoneum, Arch. Int. Med. 30:778 (Dec.) 1922. 
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parietal peritoneum (fig. 2). Through the tube anterior and lateral areas of this 
membrane, from the periphery of the diaphragm to the pelvic inlet (7.5 to 15 cm. 
remote from the outermost border of the anesthetized zones), were irritated 


Fig. 2—Method of eliciting cutaneous hyperalgesia through a modified McBur- 
ney incision. This was repeated through the other incisions indicated by the heavy 
black lines. 


by various stimuli. The skin overlying these and adjacent areas was then tested 
for cutaneous hyperalgesia by light stroking with the blunt end of a large cambric 
needle (fig. 2). 


Fig. 1.—Improvised instruments. 
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RESULTS 
It will be noted in the accompanying table that irritation of the 
parietal peritoneum by contact with a blunt instrument or a sponge 
moistened with a saline solution produced no increase in the sensitivity 
of the skin. In five cases the phenomenon of referred pain was 
present in a mild degree after stimulation of the parietal peritoneum by 


Results of Experiments 


Hyperalgesia Produced with 


Various Stimuli 
Sponge Wet Standard Sharp- 
with Saline Olivary-Tipped Studded 
Solution Sound Instrument 
Regions Con- Move- -Con- Move- Con- Move- 
Case Diagnosis Incision Irritated tact ment tact ment tact ment 
1 Chronie McBurney Inferior border of 
appendi- upper zones + + 
citis Left lumbar region + + 
Left iliac region - ++ 
2 Chronic Vertical Left hypochon- 
cholecys- upper right driae region —+ 
titis midreetus Left lumbar region -- —-+ + + 
3 Chronic MeBurney Inferior border of 
citis Left lumbar region + 
4 Chronie Me Burney Inferior border of 
citis 
5 Chronie McBurney Inferior border of 
citis Left lumbar region — ~ ++ ++ 
Left iliac region ++ + + 
6 Early acute McBurney Inferior border of 
endo-appen- upper zones — — —-+ —+ 
dicitis Left lumbarregion — + _ — + + 
7 Chronic McBurney Inferior border of 
citis Left lumbar region —+ 
Left iliae region -- — 
8 Recurrent MeBurney Inferior broder of 
appendi- upper zones ~ — + 
citis Left lumbar region — + 
Left iliae region + + + 
9 Carcinoma Left rectus Right hypochon- 
at umbil- Right lumbar region — —+ 


application of the moistened sponge with a vibratory motion. Irritation 
by an instrument with sharp points produced cutaneous hyperalgesia; a 
response which, though varying in degree, manifested itself in all the 
cases. There was no appreciable difference in the degree of dysesthesia 
experienced on opposite sides of corresponding regions of the abdomen. 
However, a slightly greater increase in cutaneous hyperalgesia occurred 
in areas situated below the transverse plane of the umbilicus than in 
areas located above this plane. Incidentally, although data relative to 
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this observation are not included in the table, the points of maximum 
hyperalgesia were found to be immediately overlying the area irritated. 
This corroborates the observations of Capps and Coleman as to the 
localizing power of the parietal peritoneum. However, owing to the 
nature of the experiment, no attempt was made to determine the exact 
extent of the radiation or duration of the aberration of sensation. In 
the nine experiments tabulated the patient was conscious of localized 
discomfort at the point irritated, but every effort was made to avoid 
the production of definite spontaneous pain, so that such pain might 
not be confused in the mind of the subject with cutaneous hyperalgesia. 
However, as a matter of experimental interest, it was noted that pres- 
sure on the parietal peritoneum sufficient to produce an appreciable 
prominence in the overlying abdominal wall elicited pain in each instance, 
thus further confirming the observations of other investigators as to 
the sensitivity of this membrane. 

It is fully realized that because of the variability of response to 
all tests for sensation and the difficulties necessarily encountered in this 
type of investigation, conclusions must be drawn with reservations. 
However, it is felt that the results obtained are sufficient to permit the 
making of deductions, which are more than impressionistic. 


CONCLUSIONS 


1. The findings described appear to confirm the results of the experi- 
ments of Lennander, Ramstrom, Capps and Coleman, and Morley as to 
the acute pain sense possessed by the parietal peritoneum in the regions 
explored, i. e., the anterior and lateral areas from the periphery of the 
diaphragm to the pelvic inlet. 


2. The point of maximum cutaneous hyperalgesia elicited by 
adequate irritation of the parietal peritoneum, like spontaneous pain, is 
localized in the area of the abdominal wall immediately overlying the 
area of stimulation. 


3. Cutaneous hyperalgesia may be produced by irritation of the 
parietal peritoneum. In cases of such artificial stimulation, since no 
visceral nerves are involved, the productive mechanism appears to be a 
peritoneocutaneous radiation. 
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DIFFUSE GENUINE PHLEBECTASIA 


REPORT OF A _ CASE 


ERNST FREUND, M.D. 
VENICE, FLA. 


Bockenheimer,’ in 1907, reported a case in which there was marked 
diffuse enlargement of the veins of the varicose and cavernous type 
extending from the palm of the hand into the axillary veins. The arteries 
were not involved, and there was no arteriovenous communication. He 
considered the condition as sui generis and introduced the term “genuine 
diffuse phlebectasia,” separating this type of venectasia from other 
forms, such as venous hemangioma (cirsoideum) and varicose veins. 


I recently had occasion to study a case in which there was enlarge- 
ment of veins in the shoulder region which showed many of the char- 
acteristics of Bockenheimer’s genuine phlebectasia. Dr. Steindler, from 
whose private files the record is taken, gave his permission to report the 
case here. , 


REPORT OF CASE 


An 8 year old girl entered the clinic complaining of pain and swelling in the 
region of the right shoulder. At the age of 4 years a slight swelling of the right 
shoulder was noted by the mother. The child was seen by a physician, but no 
diagnosis was made. Since then the swelling had continued intermittently, gradu- 
ally increasing. It was entirely painless until a few months before the patient’s: 
admission to the clinic, when the shoulder ached occasionally. The pain awakened 
the child sometimes. She was examined in a renowned clinic, where complete 
laboratory work was done. Examination gave negative results; no diagnosis was 
made, but exploratory operation was advised. 


On physical examination, nothing abnormal could be observed from the front. 
From the back, a swelling was visible over the right shoulder blade and the 
posterior portion of the deltoid muscle. The skin was of normal appearance, and 
there was no increase in cutaneous temperature (on palpation). There was fluc- 
tuation over the posterior portion of the deltoid muscle. Within the fluctuant 
area distinctly small hard nodules the size of a pea could be palpated. Similar 
nodules were also present over the shoulder blade and in the subscapularis muscle. 
These nodules were tender. The axilla was free; full motion was possible in 
the shoulder. The radial pulse was easily palpable; no other changes were noted 
in the extremity. 

The roentgenogram showed some swelling of the soft tissue of the right 
shoulder region, without changes of the bones but with a few calcified areas within 


From the Department of Orthopedic Surgery, State University of Iowa, 
service of Dr. A. Steindler. 


1. Bockenheimer, quoted by Schmidt.* 
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the soft tissue. The areas of calcification were, as a rule, well outlined and 
round, the larger bodies having some concentric structure. 

No definite diagnosis was made. A parasitic involvement of the musculature 
of the shoulder was considered, but because of a lack of general symptoms and 
because of the varying size of the calcified areas this was dropped as a diagnosis. 
To arrive at greater clearness, an exploratory operation (Dr. Steindler) was 
indicated. An aspiration needle was inserted over the fluctuant area, and frank 
dark blood was obtained. The clinical diagnosis of hemangioma was made, and 
the patient was given roentgen treatment. Two months later it seemed that the 
tumor was smaller. The changes shown in the roentgenograms were essentially 
the same as those noted earlier. 


COM MENT 


This was a case of fluctuant swelling in the shoulder region due to 
enlargement of venous blood spaces with calcified phleboliths. The 
lesion started early in childhood and was slowly progressive. Nothing 
suggested participation of the arteries in the pathologic process. The 
skin over the region of the shoulder was free from discoloration and 
appeared normal. The condition, therefore, involved mainly the deeper 
veins within and under the shoulder muscles. The changes were rela- 
tively mild, probably because of the youth of the patient. Further 
progress of the lesion is to be expected if roentgen treatment is unable 
to stop its development. 

There may be some doubt as to the diagnosis. The clinical diag- 
nosis of venous hemangioma was made. Arterial involvement and 
traumatic lesion of the blood vessels could easily be ruled out. The 
relatively moderate extension of the lesion made it difficult to draw a 
sharp line between venous hemangioma and diffuse phlebectasia. I 
believe, however, that venous hemangioma, especially if it develops some 
time after birth, represents probably only a minor degree of diffuse 
phlebectasia. The diagnosis venous hemangioma or diffuse phlebectasia 
may in great part depend on the time of observation. If the lesion is 
observed early, at a time when it is not yet extensive, the diagnosis 
may be hemangioma; if it is observed late, when a great part or the 
entire extremity is involved, diffuse phlebectasia will be considered if 
one is acquainted with the latter picture at all. 


REVIEW OF THE LITERATURE 


A relatively small number of cases have been reported in the litera- 
ture, which shows either that the condition is rare or that it is not 
sufficiently known. The fact, however, that only two observers could 
report two cases and all the others only one is sufficient proof of the 
rareness of the condition. 


Although it is undoubtedly Bockenheimer’s merit to have called 
special attention to the diffuse genuine phlebectasia, it seems that the 
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clinical picture had been known before. Von Pitha* (to quote Sonn- 
tag) as early as 1869 so described the venous (cavernous) angiectasia. 
Von Pitha stated that the lesion starts in the fingers, usually of only 
one hand, and gradually involves the entire extremity up to the shoulder. 
It leads to atrophy of muscles and bones. He mentioned phleboliths 
also as common occurrence. Palmgren*® (1889), in a dissertation on 
phlebectasia of the upper extremity, mentioned two cases in which the 
condition probably belonged to the group of genuine diffuse phlebectasia. 


Case 1.—The patient was a 14 year old girl with congenital venectasia of the 
index finger, with gradual involvement of the entire dorsal side of the fingers, 
wrist and forearm. In some places calcified phleboliths were palpable. Extirpa- 
tion of the enlarged veins was attempted. No follow-up notes were available. 

Case 2.—A 26 year old woman had had venectasia of the left arm since child- 
hood. No pulsation was present. There were numerous calcified phleboliths. 


Another case which most likely is an instance of genuine diffuse 
phlebectasia in the sense of Bockenheimer was reported by Heide * in 
1906 as one of cavernous angioma of the lower extremity (elephantiasis 
telangiectodes ). 


Case 3.—The patient was a 12 year old boy with a thickened left lower extrem- 
ity. There were many prominent portions of dark blue or reddish-blue stain; in 
some places the tumors were raspberry-like and the skin was atrophic. The 
tumors were easily compressible and disappeared if the extremity was elevated. 
The muscles and bones were very atrophic. Many phleboliths could be palpated. 
No pulsation or bruit was present. Besides the extensive changes on the left 
lower extremity (from the toes to the inguinal region), some telangiectasia could 
be noted below the clavicle and on the upper part of the arm. 


Case 4 (Bockenheimer,! 1907).—The patient was a 52 year old barrel-organ’ 
player, in whom at the age of 50, but probably since the age of 20, an enlargement 
of the veins of the left palm was noted, which gradually continued to the shoulder. 
The arm grew to twice its normal size and increased 3 cm. in length. Motion 
in the large joints was well preserved, but motion of the fingers was limited, and 
there were paresthesia, cramps and pain, incapacitating the patient. The entire 
arm showed numerous enlarged veins which in part were shining through the 
atrophic skin. The vena cephalica was especially involved. There was ascending 
venous pulsation, with a bruit at the wrist. Amputation was performed. There 
was much venous bleeding from the soft tissues which complicated the postoperative 
course. The wound became infected, and the patient died. Anatomically, the 
amputated arm showed enlargement of all the veins into the smallest ramifications. 


Case 5 (Bircher,5 1912).—The patient was a 21 year old man. When he was 
4 weeks old, his mother noted at the right elbow a small blue spot, gradually 


2. von Pitha, quoted by Sonntag.® 
3. Palmgren, quoted by Sonntag.* 
4. Heide, H.: Ein Fall von linksseitigem cavernésem Angiom der Unter- 


extremitat, regg. glutaea, perinealis et pudendalis (Elephantiasis teleangiectodes ), 
Arch. f. klin. Chir. 80:827, 1906. 


5. Bircher, E.: Genuine Phlebektasie des Armes, Arch. f. klin. Chir. 97:1035, 
1912. 
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increasing in size. The arm became enlarged, and there was occasional pain at 
night. The arm was markedly thickened, especially on the ulnar side, where a 
great number of soft and compressible tumors were present, belonging to the 
superficial and deep veins. There was no discoloration of the skin and no com- 
munication between the veins and arteries. A radical excision of the widened 
veins was performed. They were in great part adherent to the skin. The 
musculature was involved and was atrophic around the veins. Numerous phleboliths 
of different sizes (the largest like hazelnuts) were encountered. After the opera- 
tion the venectasia recurred quickly, but the patient felt improved. 


Case 6 (Sonntag,® 1918).—A 17 year old boy had had “varicose veins” 
on the left lower extremity since the age of 14. On physical examination a 
hemangioma of the size of an egg was noted on the left thigh, with several 
smaller ones in the neighborhood. Diffuse phlebectasia was present from the 
foot to the groin in the form of thick, dark blue, soft, compressible convolutes. The 


Fig. 1.—Diffuse phlebectasia in the right shoulder region in an 8 year old 
girl. Several calcified phleboliths are shown in the shoulder muscles. 


distribution did not correspond to that of varicosities of the saphenous vein. 
Within the enlarged veins small movable hard bodies could be palpated, slightly 
tender to touch—phleboliths. They did not show in the roentgenograms. The leg 
was | inch (2.5 cm.) longer than the other. 

Case 7 (Drissler,? 1921).—The patient was a 15 year old boy. Since birth 
a blue area had been present over the left lower quadrant of the abdomen, with 
blue strips on the left lower extremity, caused by diffuse phlebectasia. In the 
popliteal fossa hard nodules the size of peas were palpable. No pulsation was 
present. No difference could be noted in the cutaneous temperature between 
the affected and the normal extremity. No atrophy of the muscles was present; 
the involved limb was shortened 2 cm. 


6. Sonntag: Ueber genuine diffuse Phlebektasie am Bein, Miinchen. med. 
Wehnschr. 66:155, 1919. 


7. Drissler, Emmy, quoted by Sonntag.* 


4 
+ 
= on 
| 


FREUND—PHLEBECTASIA 117 


Case 8 (Schmidt,’ 1926).—A 17 year old boy had “varicose veins” of the 
right arm and hand. Immediately after birth fine veins could be noted on the 
right wrist and forearm. During the first year of life the veins enlarged, and an 
irregular nodular tumor developed on the hand and forearm. The enlargement 
of the veins soon extended to the upper part of the arm, the chest and the back. 
The right arm was always larger than the left. There was no particular complaint 


Fig. 2.—Illustration taken from Schmidt’s article (Deutsche Ztschr. f. Chir. 
198:403, 1926). The patient was a 17 year old boy with numerous phlebofiths 
in the ectatic veins of the right upper extremity. 


except of some sensation of heaviness and fatigue. The grip of the right hand 
was always weak; the elbow could not be fully extended, and the patient had 


8. Schmidt, A.: Genuine diffuse Phlebektasie am Arm, Deutsche Ztschr. f. 
Chir. 198:403, 1926. 
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little use of this extremity. On physical examination diffuse venectasia of the 
right upper extremity was observed, extending from the fingers to the chest 
and back. The widened veins formed dense convolutes, or slings, some of which 
were thick like a thumb. They formed a cavernous tissue, which could easily 
be compressed with the hand. The swelling of the extremity was reduced when 
the arm was lifted up. In the deeper tissues, holes could be palpated, through 
which the widened veins passed. In many places hard nodules were present, 
slightly movable, which gave a characteristic roentgen shadow of phleboliths. 
The smallest were the size of a pinhead, the largest the size of hazelnuts. Some 
of the larger phleboliths showed one or two dark centers with irregular out- 
lines. Others were built concentrically. The arm was 2 cm. longer than the 
other. The bones were gracile and thin and looked like those of a 10 year 
old girl. 

Case 9 (Orel,® 1926).—The patient was a 6 year old boy. A short time 
after birth, in different portions of the left lower extremity, numerous enlarged 
veins of varying size were noted. In some places they were so dense that they 
appeared as dark blue strands through the skin. No pulsation could be felt, and 
the vessels were easily compressible. Some thrombi and phleboliths were palpable. 
The venectasia extended from the dorsum of the foot along the outer side of the 
leg to the posterior aspect of the thigh. The veins of the penis were also ectatic. 


Case 10 (Susman and McCredie,1° 1927).—This was the first observation 
reported in the English literature. The patient was a 15 year old girl with gradu- 
ally increasing painless swelling of the right arm. The only complaint was of 
some numbness after long maintenance of a pendent position of the arm. The 
upper part of the arm was 2 inches (5 cm.) thicker than the left arm; the forearm 
was 1 inch (2.5 cm.) thicker. No edema was present. The upper third of the 
upper part of the arm and the anterior portion of the wall of the chest on the right 
showed many markedly enlarged veins. There was no difference in length between 
the extremities. 


Case 11 (Reichel,'! 1928).—The patient was a 14 year old girl. Since early 
childhood extensive venectasia of the entire left lower extremity had been present. 
There had been gradual increase of the lesion, with severe flexion contracture of 
the knee joint and equinovarus of the foot. The widening of the veins was espe- 
cially marked in the region of the saphena magna, with formation of large lobulated 
tumors on the lateral surface of the thigh. In two places the tumors broke through 
the skin; they penetrated the musculature and at the time of operation they were 
observed to be densely connected with the sciatic nerve. The arteries were not 
involved. 


Case 12 (Sonntag,'? 1928).—The patient was a 22 year old teacher. Since the 
age of 4 years there had been gradual enlargement of the right forearm, starting 
at the radial side of the wrist joint and progressing toward the fingers. During 
the year before examination the condition became worse, with pain, a sensation 


9. Orel, H.: Beitrag zur Kasuistik der genuinen diffusen Phlebektasie, Ztschr. 
f. Kinderh. 42:668, 1926. 

10. Susman, Eric, and McCredie, D. W.: Hemangiectatic Hypertrophy of the 
Arm: A Case of Genuine Phlebectasia, M. J. Australia 2:581, 1927. 

11. Reichel, P.: Report on the Thirteenth Meeting of the Vereinigung mit- 
teldeutscher Chirurgen, Zentralbl. f. Chir. 5:2934, 1928. 

12. Sonntag: Ueber einen Fall von genuiner diffuser Phlebektasie am Unter- 
arm und Hand, Arch. f. klin. Chir. 153:802, 1928. 
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of fulness and fever in the arm. On physical examination enlargement of the 
veins was noted from the elbow downward, especially on the volar side. In a 
pendent position the forearm was swollen; the swelling disappeared promptly when 
the arm was elevated. In the deeper layer numerous hard nodules the size of 
peas could be palpated. No pulsation or bruit was present. There was a 2 cm. 
shortening of the affected limb and atrophy of the muscles. A roentgenogram 
showed many calcified phleboliths. The patient was operated on; there was marked 
venous bleeding. The ectatic veins were ligated and partly excised. Six months 
after the operation the condition was improved, but a number of venous tumors 
were present. A second operation was planned. 


Case 13 (K. Akaiwa,!* 1929).—The original report in Japanese was not 
obtainable. The patient had diffuse phlebectasia of the left arm. 


Case 14 (Kislicenko and Milisi€,44 1931) —The patient was a 19 year old 
youth. At the age of 11 he had cellulitis of the arm. A few months later elevated 
dark blue spots appeared in the skin of the distal part of the left forearm. There 
was a gradual and constant increase in the number and size of these areas, with 
loss of strength and severe pain in the arm. At the time of examination a marked 
diffuse ectasia of the superficial and deep veins of the left forearm was noted, 
especially on the ulnar side. A prestage of ulceration was present in the skin of 
the palm, owing to passive hyperemia. There was atrophy of muscles and bones. 
No arterial involvement was present, and no bruit was heard. 


Another case was reported by Musger, but there is some doubt 
whether the condition was genuine diffuse phlebectasia. 


Case 15 (Musger,'5 1932).—The patient was a 24 year old woman. Five 
years before admission to the hospital she noted a large brown area on the right 
leg. She made no special complaints. On physical examination a hemangioma 
was observed on the back. The right calf showed atrophy of the skin, with diffuse 
enlargement of the veins. Tough strands of thrombosed veins and hard nodules 
of calcified and even ossified thrombi could be palpated. The roentgenogram 
revealed numerous calcified phleboliths. On histologic examination the wall of 
the ectatic veins was shown to be thinned; in some places it was made up only 
of connective tissue, and in others it was poor in elastic fibers. 


COM MENT 


From the case reported here and the observations collected from the 
literature, I shall try to give a full description of the clinical picture 
of genuine diffuse phlebectasia. 

It is a slowly progressive lesion of a smaller or larger region of the 
venous system of an extremity. The upper extremity (nine instances ) 
seems to be more frequently affected than the lower (six instances), 


13. Akaiwa, K.: Diffuse. Phlebectasia of Left Arm, Okayama-Igakkai-Zasshi 
41:1780, 1929. 

14. Kislicenko, L., and Milisié, S.: Phlebectasia Diffusa Genuina, Srpski arh. 
za celok. lek. 32:180, 1926; abstr., Zentralorg. f. d. ges. Chir. 52:472, 1931. 

15. Musger, A.: Ueber einen ungewohnlichen Fall von Knochenbildung in der 
Haut zugleich ein Beitrag zur Kenntnis der sog. diffusen Phlebectasia, Arch. 7. 
Dermat. u. Syph. 166:201, 1932. 
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and there have been more men (nine) than women (six) among the 
patients. The involved area shows enlargement of all the veins, into 
the finest ramifications, without preference for any special anatomic 
distribution. There does not seem to be a new formation of vessels, 
as is the case in true hemangioma. But to separate sharply diffuse 
phlebectasia from hemangioma even by anatomic investigation is difficult. 
The difference is probably only one of degree. 

The enlarged veins form large strands and tumor-like prominences, 
over which the skin frequently becomes atrophic, so that the ectatic 
veins show through the skin as dark blue or bluish red. They can easily 
be compressed, and they disappear when the extremity is eleveated for 
a while. 

The lesion develops spontaneously; it is probably on a congenital 
basis of a faulty anlage of more or less extensive regions of the venous 
vessel system. The unilaterality of the involvement, the relatively fre- 
quent association with cutaneous hemangioma and the onset usually in 
early childhood point toward a congenital lesion. Disturbance of vaso- 
motoric innervation has been considered from the etiologic point of 
view, but there is nothing to substantiate such a supposition. 

Anatomic and histologic observations are compatible with congenital 
maldevelopment of the venous vessel wall. There seems to be a con- 
stitutional weakness of the vessel wall. The media is very poor in muscle 
cells and elastic fibers; the wall consists mainly of collagenous fibers. 
The intima may show circumscribed proliferative changes without 
inflammatory signs. Thrombosis, probably due to the anomalous blood 
flow in the ectatic spaces, is a constant occurrence. Organization with 
recanalization of the thromboses or calcification and even ossification 
(Musger) takes place frequently ; the presence of numerous phleboliths 
is of importance in special differential diagnosis. 

The symptoms are characteristic, and once one is acquainted with the 
clinical picture, it is very easy to make the diagnosis. It varies a little, 
depending on the degree of involvement and whether superficial or deep 
veins participate. In the latter case, the musculature which is pene- 
trated by the venectasia becomes atrophic, and large defects can be 
palpated after the blood has been pushed out from the venous sinuses. 

The involvement of the extremity may be associated with disturbance 
of growth in length, either in the sense of lengthening (three cases) or 
shortening (two cases). The difference cannot simply be attributed 
to the passive hyperemia. This would explain the increase in length 
but not the shortening. It may be that the shortening is, like the fre- 
quently observed atrophy of the bone, a result of disuse in the sense 
of a hypoplasia (if one does not think of a more extensive disturbance 
of growth of the extremity, associated with but not simply caused by 
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the vascular changes). It is of interest that in Bockenheimer’s case 
lengthening of the extremity was present, although the patient dated 
his trouble from the age of 50. It is clear that the condition must 
have started sooner, even before the physiologic growth of the bone 
stopped. 

The lesion is relatively benign and extends over many years. Owing 
to the atrophy of the muscles and to limitation of motion of the joint 
(due to the venous swelling), the patients: have decreasing use of the 
affected extremity. Pain and cramps may be present but are not out- 
standing symptoms. Numbness, paresthesia and ulceration of the skin, 
with infection and even gangrene, have been observed. 

The differential diagnosis has to rule out genuine diffuse phlebarter- 
iectasia, a rare condition with participation of the arteries. (Some 
authors have expressed the belief that there is no sharp line between 
diffuse phlebectasia and phlebarteriectasia.) If the lower extremity is 
involved, varicose veins have to be considered; the beginning in early 
childhood, the unilaterality of the condition, the frequent coincidence 
with congenital hemangioma, the lack of strict anatomic distribution and 
the common occurrence of phleboliths in diffuse phlebectasia will rule 
out varicose veins. As already mentioned, it is difficult, if not impos- 
sible, to differentiate diffuse genuine phlebectasia sharply from 
hemangioma venosum. 

The prognosis is not good. The lesion is progressive and if left 
alone will sooner or later lead to serious complications (bleeding, ulcera- 
tion, infection, gangrene, pain, incapacitated function). 

Treatment.—In four cases reported in the literature the condition 
was treated surgically. Radical excision and ligation of the enlarged 
veins were performed with questionable results. Recurrence seems to 
be the rule. In one instance (Bockenheimer) amputation was 
performed with fatal outcome, due to incontrollable venous hemorrhage 
and infection. In our case roentgen treatment was tried. The swelling 
of the shoulder was reduced, but the period of observation was too 
short to warrant any judgment of this form of treatment. It may, how- 
ever, be indicated in cases in which the involvement is less extensive. 
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ETIOLOGY OF DEEP ACETABULUM AND 
INTRAPELVIC PROTRUSION 


A. M. RECHTMAN, M.D. 
PHILADELPHIA 


The term “intrapelvic protrusion of the acetabulum” was trans- 
lated by Daub? from the German /ntrapelvine Pfannenvorwolbung and 
pertains to a lesion of the hip joint. This title partially describes the 
pathologic process, suggests the picture seen on the roentgen films and 
is understandable. Many articles under various titles have been 
written, especially in the German literature, regarding the condition and 
its etiology. The prime purpose of this paper is to discuss the develop- 
ment of the acetabulum and its relationship to the etiology of the deep 
acetabulum and of intrapelvic protrusion. 

The complaints of most patients suggest arthritis of one or both 
hips, frequently with no involvement of other joints. Pain and stiffness 
on change of position, with limited motion of the joint, are usual. The 
discomfort is aggravated by motion, and the patients often walk with 
an awkward gait or limp. Although the discomfort may be referred 
to one hip, the examination may show that both are involved. It is 
noteworthy that in each of the five cases to be reported the same motions 
were restricted on both sides. 

On physical examination of a patient with a congenitally deep 
acetabulum, the extremity is usually found to be in an attitude of abduc- 
tion and external rotation. After intrapelvic protrusion occurs, this 
attitude persists and flexion and extension are often free. Restriction 
of motion occurs because of the deep position of the head of the femur 
in the acetabulum, with the approximation of the trochanters to the 
side of the pelvis. The trochanters are but slightly elevated, and the 
limb is somewhat shortened. The clinical picture changes, depending 

on the cause for the intrapelvic protrusion and later on the severity of 
the condition or infection localized and causing irritation in the hip joint. 

On roentgen examination of a patient with the clinical picture as 
outlined, a deep acetabulum or one with a protrusion of the inner wall 
into the pelvis may, be shown. In the former the cavity is deeper and 
larger, and its inner wall is thinner than normal. In intrapelvic pro- 


From the Jewish Hospital, Philadelphia. 
Presented before the American Academy of Orthopedic Surgeons, New York, 
Jan. 14, 1935. 


1. Daub, H. P.: Intrapelvic Protrusion of the Acetabulum, Radiology 12: 
369, 1929. 
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trusion the head of the femur usually appears elongated because of 
vegetative growths on the margins of the head and of the acetabulum, 
which overhang the neck of the femur. The head of the femur is intact, 
assumes the shape of the acetabulum and is displaced into the deepened, 
enlarged and often dome-shaped cavity. The inner wall of the ace- 
tabulum protrudes to various degrees into the pelvis. It may be paper 
thin and is usually sclerotic. The joint space may be normal, widened 
or narrowed. Vacuolation is seen at times in the head of the femur and 
in the trochanter. The angle of the neck of the femur is usually a little 
smaller than normal. The general appearance on roentgen examination 
is essentially similar in all cases. 

Intrapelvic protrusion of the acetabulum was first described by Otto * 
in 1824 from a specimen in an anatomic museum. It has since been 
described under various names, often as related to the factor considered 
causative. 

' Pomerantz,* in 1932 made a detailed and excellent study of intra- 
pelvic protrusion. He reviewed the seventy-nine cases previously 
reported in the literature and added six of his own. Since then thirteen 
additional papers on the subject have been published, adding thirty-two 
typical cases. A résumé of the pertinent facts concerning these cases 
's given in table 1. 

Valentine and Miller * in 1921 and Pomerantz * in 1932, reviewing 
che cases reported, divided them into instances of typical and of atypical 
volvement. This report is concerned only with the cases of the typical 
form, of which forty-one were reported from 1824 to the time of 
Pomerantz’ paper in 1932. Since then, including the five cases herein 
-eported, forty-three cases have been added, a total of eighty-four cases 
‘n the hundred and ten years since the condition was first described by 
Otto. The small number of reported instances suggests that the con- 
lition is uncommon. The larger number of recent cases, forty-three 
in two years, indicates that the condition was undoubtedly often unrecog- 
nized or not reported. 

Henschen * in 1909 suggested the criteria for a typical case. The ~ 
inner acetabular wall protrudes into the pelvis. The cavity is generally 
enlarged, particularly inward and upward. The head of the femur, 
essentially of normal contour, is displaced into the deepened acetabulum, 
thus producing a shortening of the extremity. 


2. Otto, A. W., quoted by Pomerantz.* 

3. Pomerantz, Maurice M.: Intrapelvic Protrusion of the Acetabulum (Otto 
Pelvis), J. Bone & Joint Surg. 14:663, 1932. 

4. Valentine, B., and Miiller, H.: Intrapelvine Pfannenvorwélbung (Pelvis 
Otto-Chrobak), Arch. f. klin. Chir. 117:523, 1921. 

5. Henschen, K.: Die zentrale oder intrapelvine Pfannenwanderung der Hiifte 
auf coxitisch-arthropathischer Grundlage, Ztschr. f. orthop. Chir. 33:438, 1913. 


| 


(loop 


Spepniy 
aqissod uolonppe 
dyy ay sujed tel JO ase 4B UO CL “S44 | a ge ON 
doap 
PeMOYS tpepnay 
Pej 
FE “Bing yujor 
dig puv seeuy 
ined 
gt 
LI6L Ul JeppRiq 
daap SBM J] 
Ul 


‘doop yujof peq Ul 
WAL UO BIBVA BXOD 


‘surogdursg apis 
JO qasuy 


pajaoday fo gunsay—| | 


| 
| 
| 


-OUITJUIOI SB Ul pesousviq 


daap 

sivak IO} 

diq jo 

uojsni301d 
-BIQU] PAMONS OT 

IO} [njuyed sdjy OZ 10} oulds 

g [[BJ B SUIOJMUIAS Ul 


606L 0} F06L 


Zs 98 

ured pue gf JO 4B Jo 

pues JO 4B dyy JO 


daap ‘34311 


‘pepniy 
9 -O1d 
"SIL 
daap 
OL [81938 
“814 IL 
daap ‘3321 
:pepniy 
‘IAT -o1d qq 31 
‘IAT 
“S14 OL [8107 
[8107 
“SIA [8107 
LTT 
‘SIA [8193 
“SOU! [81907 
“S14 6 [8107 
“S14 [8197 
sivak BIG 
daap 
“BIA ZS 


‘sud -o1d 


Wet 
[8193 


[819981 
[819381 


[8107811 
1819981 
18103 


[8.109 


[8197811 


ao o 


PS6L ‘Ot BR “Bing ‘A 

‘208 


| | 
| | 
| 
| | 


126 ARCHIVES OF SURGERY 


REPORT OF FIVE CASES 


Case 1—E. C., a white woman aged 69, was admitted to the hospital on 
Sept. 30, 1933, and was discharged on Nov. 8, 1933. The diagnosis on admission 
was fracture and dislocation of the left shoulder and fracture of the pelvis. An 
added diagnosis on discharge was intrapelvic protrusion of the acetabulum. 

The patient stated that her father, three sisters and three brothers were all 
similarly misshapen (back and hips) but that she was the least deformed. They 
all walked awkwardly. 

The patient was admitted to the hospital for the treatment of injuries resulting 
from an automobile accident. On roentgen study an intrapelvic protrusion of the 
head of the femur was noted. 

Examination during convalescence, on Nov. 4, 1933, showed that the patient 
walked awkwardly. She said her gait had always been the same but that she had 
no pain. Examination of the trunk showed a mild dorsolumbar rotary lateral 
curvature to the right. Pressure on the pelvis was not painful. The range of 
motion is given in table 2. Examination of the joints, other than the hip, gave 
negative results. The length of the extremities was equal. 

Roentgen study on admission of the patient to the hospital showed a fracture 
of both pubic bones and an impacted fracture of the surgical neck of the left 
humerus, with partial dislocation of the head. There was an intrapelvic protrusion 
of the left acetabulum and a deep right acetabulum, not associated with the recent 
accident. Subsequent roentgen ray examination showed good healing of the several 
fractures. 

Roentgen examination was made on Nov. 6, 1933 (fig. 1 A). 


Comment.—This patient, aged 69, was married and had two chil- 
dren. Roentgen examination showed an intrapelvic protrusion of the 
left acetabulum and a deep acetabulum on the right side. The general 
appearance of the hip joints, aside from the protrusion, was essentially 
the same. The hips had always been symptomless as regards pain. 

The patient stated that eight members of her immediate family had 
similar disabilities of the trunk and hips and walked as she did. Those 
living were in Germany, and examinations were unattainable. The 
condition of the hip was ascertained when the patient was examined 
for a fractured pelvis. 


Case 2.—T. R. was a Negro aged 61 years. 

The patient stated that his maternal grandfather, his mother, an uncle, a sister 
and one cousin all had the same trouble with their extremities as he had. Those 
surviving were a cousin (case 5 in this paper) and a sister, who refused to be 
examined or to have roentgenograms made because she was a Christian scientist. 
All walked awkwardly and had pain referred to the extremities. 

The patient was examined during November 1932. He stated that his gait 
had always been awkward and that he had had intermittent pain in the hips. As 
a child he could not run as other children did. At the age of 8 years, the doctors 
said that he had “some sort of hip trouble.” When he was 10 years old, he walked 
with crutches and wore a brace on the left lower extremity and a high shoe on 
the right foot. The disability gradually increased, and the trouble had been 
almost constant for twenty-five years. At times the hips seemed to lock. The 
back and the upper extremities were symptomless. 
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Examination on Nov. 21, 1932, showed that the patient walked with a knock- 
kneed attitude. The range of motion is shown in table 2. The knees and feet 
were normal on examination. The deep reflexes were all normal. 

Roentgen examination was made on Jan. 19, 1934 (fig. 1B). Films made on 
Sept. 17, 1930, more than three years previously, showed a somewhat similar pic- 


Fig. 1—A, case 1. A woman aged 69 had no pain but had had an awkward 
gait since childhood. The left hip shows spurs and a dome-shaped head of the 
femur. The joint space is defined, and there is slight protrusion. On the right 
is a deep acetabulum. B, case 2. A man aged 61 had bilateral intrapelvic pro- 
trusion. He had had an awkward gait since childhood. The heads of the femurs 
are eroded. There are vacuolated areas in the head of the right femur and in 
both trochanters with marginal spurs. The head of the right femur is dome- 
shaped, and the joint space is slightly narrowed. The cavity is deep. The left 
acetabulum is widened, and there are inward protrusion and hypertrophic changes. 
C, case 3. A woman aged 60 had bilateral intrapelvic protrusion. There had 
been pain in the right hip for twenty-two years but none in the left. The heads 
of the femurs are intact. On the right the joint space is more narrowed and the 
head of the femur is slightly dome-shaped, with spurs. The great trochanters 
approximate the pelvis. There is marked protrusion on the right but less on the 
left. D, case 4. A man aged 45 had bilateral involvement. The left hip became 
painful at the age of 15 years, the right at 42. The femurs show intact dome- 
shaped heads and marginal spurs. On the right the space is slightly narrowed, 
the cavities are widened, the inner wall protrudes and the heads are larger. On 
the left the cavity is deep. E, case 5. A man aged 54 had bilateral involvement 
and had had an awkward gait always. Pain appeared in the right hip at the 
age of 39 years, but there was no pain in the left.. The femurs have intact dome- 
shaped heads. The joint spaces are narrowed. There is acetabular protrusion and 
the cavities are deep and wide. On the left there are marginal spurs. On the 
right the head of the femur is eroded. 
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ture, except that the erosion had not occurred in the head of the left femur and 
the joint space was slightly narrowed. There were no vacuolated areas in the 
heads of the femurs. 


Comment.—Although the patient had a positive Wassermann reac- 
tion, the history of a so-called similar condition in the family, the symp- 
tom of a disability of the hip since early childhood and the appearance of 
the hip joints on roentgen examination suggest the possibility of heredi- 
tary involvement and of a congenital lesion with a developmental defect 
in the hip joints. 


Case 3.—G. U., a white woman aged 60, was referred to me by Dr. Leon Solis- 
Cohen. 

The patient had sprained her right ankle twenty-seven years before admission 
and had since had discomfort in that extremity. The pain gradually radiated to the 
knee and the hip. She had a locking sensation in the right hip when attempting 
to stand or when flexing the trunk. When she was seen in February 1933, she 
had pain in the right hip, knee and ankle, which was worse on change of position 
and after exertion. The left ankle had been painful for four weeks, but she had 
no discomfort in the left knee or hip. She had had backaches for the previous 
six months only. 

The deformity of the back had the appearance of an old rigid kyphosis of 
adolescence. The patient arose from her chair with difficulty and slowly straight- 
ened her trunk. She walked awkwardly and with a limp on the right side, with the 
body listed to the right and with the trunk flexed. The range of motion is shown 
in table 2. The knees and feet were normal. Examination did not indicate the 
cause for the symptoms, which had been referred to the right ankle for the past 
twenty-seven years. 

Roentgen examination, on Jan. 21, 1932, of the spine, knees and ankles gave 
negative results. Study of the hips revealed intrapelvic protrusion (fig. 1C). 


Comment.—This patient was 60 years of age. She had had two 
children. The right hip was painful for twenty-two years, and roentgen 
examination showed typical intrapelvic protrusion. There was no dis- 
comfort referred to the left hip, but clinical and roentgen examinations 
revealed abnormalities similar to those of the right hip. The disability 
followed a sprained ankle, which, on examination, showed no abnor- 
mality. One must consider the preexistence of a lesion in the hip which 
made the part structurally weak as compared with the normal. The 
effects of strain and trauma caused the pain complained of in the 


extremity. There was no history suggesting that the condition was 
hereditary. 


Case 4.—A white man aged 45 years was referred to me by Dr. George Man- 
delbaum. 

At the age of 18 years the patient fell from a bicycle, striking his left hip on 
a stone walk. For some years previous to that he knew that the left lower 
extremity functioned less well than its fellow and would tire. There was a grad- 
ually increasing disability of the left hip, beginning about a year after the fall. 
He was treated with rest in bed and with a plaster cast. The pain abated, but 


130 ARCHIVES OF SURGERY 


motion of the hip was restricted. He had no pain or further discomfort in the 
left hip, except that he tired after exertion. 

In February 1931 a car which the patient was driving struck a tree. His 
right knee struck the dashboard of the car, and from that time he had discomfort 
in the knee, a sense of weakness in the hip and pain and stiffness on change of 
position. He likened the discomfort to that suffered in the left hip twenty-five 
years before. He had no backache. 

Examination of the upper extremities, head and neck gave negative results. 
At rest the trunk was normal, but on weight bearing it flexed slightly at. the 
hips. The range of motion is shown in table 2. The feet and knees were normal. 

Roentgen examination revealed abnormality of both hips (fig. 1 D). 


Comment.—Since early adolescence the patient knew that his left 
hip was not as strong as his right. A year after a fall on the left hip 
he had discomfort and later stiffness. Twenty-four years later, at the 
age of 42, when he injured the right knee, he first had discomfort in 
the right hip. Roentgen examination showed similar lesions. 

It hardly seemed likely that two hips involved at intervals of many 
years would show similar lesions on clinical and roentgen examination. 
The conditions found were evidently due not to trauma per se but rather 
to the effects of stress and strain on a preexisting malformation, per- 
haps congenital, of the involved part. There was no history suggesting 
that the condition was hereditary. 


Case 5.—H. C. was a Negro aged 54. 

The patient was referred to the orthopedic clinic by his cousin (case 2), who 
stated that they had had similar disabilities since childhood. The patient had 
always walked awkwardly. 

The family history was the same as that in case 2. The patient in case 2 
is a maternal first cousin. 

The patient was well until 1918, when he was 39. He then had an infectious 
condition of the right hip, which confined him to bed for eighteen months. The 
hip had since been painful. He also had constant pain in the knees and calves of 
the legs, worse on the left side. The left hip was not painful. 

Examination on Jan. 26, 1934, showed that the patient stood with the body 
listed to the right and with the trunk flexed 20 degrees at the hips. His gait was 
awkward. With the feet in the same plane, the right heel was 2% inches 
(6.3 cm.) off the ground. At rest the attitude of the back was normal. The 
range of motion is shown in table 2. 

Examination of the right knee showed that motion was free but that the joint 
was distended with fluid. Motion of the left knee was normal. There was a mod- 
erate degree of structural weakness in both feet. There was a % inch (1.3 cm.) 
swelling of the right knee. The left lower extremity was 4% inch (0.6 cm.) 
longer than the right; the apparent lengthening was 2% inches (5.7 cm). 

Roentgen examination was made on Jan. 26, 1934 (fig. 1 E). 


Comment.—The family history was the same as that in case 2. The 
patient was ill for eighteen months in 1918, at the age of 39, and had 
had a stiff hip since. However, he had had an awkward gait since early 
childhood. On roentgen study and on clinical examination it was noted 
that both hips were involved. The possibility that the condition was 
hereditary was similar to that in case 2. 
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DEVELOPMENT OF THE ACETABULUM 


The acetabulum develops from three primary centers (fig. 2), one 
for each of the three main bones of the cavity. These appear between 
the third and the sixth fetal month.° The bones of the acetabulum are 
joined by a Y cartilage, the os acetabuli, which has a secondary center 
of ossification appearing at about the age of 11 years. At that age the 
head of the femur grows very rapidly, and there appear the secondary 
centers of ossification for the acetabular rim, one each for the anterior, 
superior and posterior parts.” This rim gives added support to the 
rapidly enlarging head. Fusion of the acetabulum is usually completed 
at about 17 years of age. 

The width and depth of the normal acetabulum are determined by 
the growth of the three main bones of the cavity, the connecting Y-carti- 
lage and the three centers for the acetabular rim (fig. 3). The acetab- 
ulum varies in size and shape within a normal range as much as may 
any other part of the body; its average depth is 2.5 cm. Heredity 
undoubtedly has an important influence. 

At birth the acetabulum may be divided into two equal parts, the 
iliac and the ischiopubic (fig. 2). With growth and weight bearing the 
ischiopubic area becomes relatively larger, and the proportion changes 
to 2:3. If the iliac portion lags in growth and/or with an overgrowth 
of the ischiopubic portion the upper part of the cavity is oblique, the 
marginal lip is poor and a small, shallow acetabulum results.* If the 
iliac portion overgrows and/or the ischiopubic portion is underdevel- 
oped, a larger but also shallow cavity (fig. 3) results. The upper portion 
is also oblique. In both anomalies a greater strain is placed on the liga- 
ments supporting the weight of the body. 

These disturbances of development are associated with the congenital 
dislocations and subluxations. If, however, equal overgrowth occurs 
with a persistence of the infantile ratio of 1:1, a large, deep acetabulum 
is formed. 

Another factor in the growth and depth of the cavity is the develop- 
ment of the acetabular rim. Retarded development may cause a shallow 
cavity, while overgrowth of the rim helps to produce the exaggerated 
or deep acetabulum. Lovett and Soutter ® concluded that the acetabular 


6. Piersol, G. A.: Human Anatomy, Philadelphia, J. B. Lippincott Company, 
1907, p. 337. 

7. Morrison, L. B.: A Study of the Hip Joint from the Standpoint of the 
Roentgenologist, Am. J. Roentgenol. 28:484, 1932. 

8. Cravener, E. K.: Acetabular Decompensation, J. Bone & Joint Surg. 16: 
618, 1934. 

9. Lovett, R. W., and Soutter, Robert: Congenital Dislocation of the Hip 
(Study of Two Hundred and Seventy-Seven Dislocations), J. A. M. A. 82:171 
(Jan. 19) 1924. 
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shelf is originally oblique but grows horizontal with the beginning of 
weight bearing. The shelf varies in effectiveness, being abnormal in 
about 10 per cent of persons. Congenital deformity exists if the generic 


E 


Fig. 2—Normal and abnormal development of the acetabulum. 4, normal 
acetabulum at birth. The structure is divided into two equal parts, the iliac and 
the ischiopubic, in a ratio of 1:1. B, normal acetabulum at a later stage, when 
the ratio of the iliac to the ischiopubic elements is 2:3. C, a large shallow 
acetabulum produced by overgrowth of the iliac and/or undergrowth of the 
ischiopubic elements. D, a small shallow acetabulum produced by overgrowth of 
ischiopubic elements and/or undergrowth of the iliac elements. E, a deep ace- 
tabulum produced by overgrowth of the iliac and of the ischiopubic elements and 
overgrowth of the rim, with persistence of the infantile ratio, 1:1. F, normal 
development of the acetabulum. These drawings were based on those presented 
by Cravener.® 
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centers either fail to develop or develop but fail to grow normally. In 
all congenital deformities deficient development is more common than 
overdevelopment. Cases of congenital dislocation and subluxation are, 
therefore, more common than cases of deep acetabulum from over- 
growth. 


C 


x 
D 
Sie plan MD. 
Fig. 3.—Depth of the acetabulum. A represents dislocation; B, subluxation; C, 


normal structure; D, a deep acetabulum, and E, intrapelvic protrusion. These. 
drawings were based on those presented by Schaap.12 


Le Damany,'° discussing anomalies of the hip, stated: “The floor of 
the socket which is no longer acted upon by the pressure of the femoral 


10. Le Damany, P.: Influence de la téte fémorale sur le creusement et la 
conservation de la cavité cotyloide, Trav. scient. Univ. de Rennes 2:363, 1903. 
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head remains too thick, the socket itself consequently becomes too 
shallow and in most serious cases dislocation of the hip ensues.” Con- 
versely, the inner wall of a deep acetabulum is thin. The two thin or 
weak places normally in the os innominata are in the wing of the ilium 
and the cotyloid cavity. A deep acetabulum has even a weaker and 
thinner inner wall. This has been shown on roentgen studies of the 
affected hips. 

Since the acetabulum is ossified at the age of 17, the occurrence 
of deformities, such as intrapelvic protrusion, almost symptomless as 
regards early pain and other major subjective disturbances, must pre- 
cede the attainment of this age. A hip joint that is the site of a con- 
genitally deepened acetabulum is weak when compared with a normal 
joint. Although the joint may appear stronger because of a large bony 
support, actually it is weaker, since with altered function there must be 
a disturbance of the normal mechanism of the joint. 

In the mechanism for the production of intrapelvic protrusion of the 
acetabulum the prime factor is a preexisting deep acetabulum. There 
are an abnormal strain of dysfunction, due to a deeply seated head, and 
an altered relation of the pressure of the pelvifemoral muscles. These, 
together with the effects of weight bearing and perhaps disease, may 
account for the bulging and intrapelvic protrusion of the inner acetab- 
ular wall, its almost paper-like thinness and the molding of the head 
of the femur to the dome-shaped acetabulum, as may be seen on the 
roentgen films. The depth of the acetabulum may be increased to 5 cm. 
or more. Into the deepened acetabulum the head of the femur may be 
displaced until the greater trochanter approximates the side of the pelvis 
and the lesser trochanter the ischium. A change occurs in the lines of 
stress and strain in the head and neck of the femur, as well as in the 
acetabulum. 

In patients with an intrapelvic protrusion of the acetabulum the 
angle of the neck of the femur is usually a little smaller than normal. 
Despite the theoretical consideration that this angle should be increased 
in causing an intrapelvic protrusion, the opposite is found. The inner 
acetabular wall is often seen to be sclerosed. This indicates the reaction 
of the tissue to stress and strain of pressure from the head of the 
femur on the potentially weak, thin inner wall of the socket. Roentgen 
studies show an absence of sclerosis in the ilium adjacent to the superior 
part of the acetabulum, where it might be expected because of pressure 
from the femur with the angle of the neck less than normal. It would 
seem, therefore, that the condition of intrapelvic protrusion is develop- 
mental and is engrafted on a congenitally deep acetabulum during the 
period of active growth and before fusion occurs. 

Few cases of intrapelvic protrusion have been reported in patients 
under 20, (twelve of eighty-four reported cases of typical involvement). 
There are relatively firm bony support and stability in a large acetabulum. 
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Subjective effects of irritation and stress and strain are not manifested 
early, as they are readily compensated for. Later, irritation may occur 
with the fusion and perhaps overgrowth of the acetabular rim and the 
approximation of the trochanters to the side of the pelvis, and also as 
the result of irritation from trauma and infection. Late symptoms may 
be associated with the changes incident to the degenerative stage of life, 
after 40, and the presence of any condition lowering the patient’s general 
resistance. 

The factors responsible for the subjective complaints, usually in 
adult life, are concerned with the minor changes seen on the roentgen 
films of patients with intrapelvic protrusion of the acetabulum. Some 
of these are the variations in density of the bone, the width of the joint 
line and vacuolation. The major features in the roentgen pictures of 
the involved hips are essentially similar. 

On reviewing the illustrations of previously reported cases a deep 
acetabulum or one showing a slight protrusion of the inner acetabular 
wall into the pelvis was seen at times on the side described as normal. 
This suggests that minor changes in the interpretation of the roentgen 
films as to the depth of the acetabulum may have been ignored. 

The cases reported have been classified symptomatically as those of 
chronic and those of acute infectious involvement. It is possible that 
the acute condition is engrafted on a previously deep acetabulum. The 
chronic type is more common and occurred in the five cases herein 
reported. In the second case described by Pomerantz * the condition 
seems to conform to the criteria for the acute variety. He described 
the pathologic change as primary involvement of the acetabulum, with 
softening, so that muscle spasm and weight bearing displaced the socket 
and the head of the femur inward. 


REVIEW OF THE LITERATURE 


Many etiologic factors (about sixteen) have been suggested. Otto 
stated that the condition is an abnormal manifestation of gout. It has 
since been ascribed to arthritic processes of various etiology, and also 
to syphilis, malignant disease, metabolic and endocrine disorders, osseous 
and chondral irritation and trauma. The condition has previously been 
considered the end-result of an inflammatory or degenerative process 
within the hip joint. The symptoms in most of the reported cases 
began in adult life and were usually not sufficiently severe to account 
for the changes shown on the roentgen films. The many etiologic 
factors suggested were therefore probably only the irritating agents 
acting on an area of potential weakness. 

Eppinger '' studied four anatomic specimens. He attributed the 
pathologic process to a disturbed growth in the cartilage of the 
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acetabulum, of the nature of a malacia or chondrodystrophy—a develop- 
mental anomaly of the acetabulum in which the cartilage did not ossify 
but was projected into the pelvic cavity. 

Schaap ** expressed the opinion that in cases of chronic involvement 
connection with any disease should be denied. He stated that the lesion 
occurs mainly in women, is more often bilateral and shows practically 
the same picture in each case. He concluded that the condition is due 
to congenital deformity of the acetabulum. 

A résumé of the cases of the typical form reviewed by Pomerantz 
showed that twenty-eight of the patients were over 20 years of age, two 
were less than 20 years old and for eleven the age was not given. 
Thirty-two were women, seven were men and the sex of two was not 
given. The duration of symptoms referable to the hip was not 
discussed. 

Thirty-eight cases of the typical form have been reported in the 
literature since Pomerantz published his paper in 1932 (table 1). Thirty- 
seven of these patients were over the age of 20. There were twenty 
women and eighteen men. Symptoms were referred to the involved hip 
by nine patients before the age of 20; one never had discomfort, and 
in twenty-eight the symptoms began after the age of 20. Five cases of 
bilateral involvement are reported in this paper; all the patients were 
over 20, and three were men. Four of the ten involved hips had never 
been painful. Two of the patients had pain, at the ages of 5 and 15 
years, respectively. 

SUMMARY 


The etiology of protrusion of the acetabulum, in my opinion, is 
primarily a congenitally deep acetabulum, which is basically the result 
of overgrowth of some elements of the acetabulum. This may be 
hereditary, as was suggested by three histories in five cases personally 
observed. The intrapelvic protrusion was an acquired defect super- 
imposed on a deep acetabulum. The symptoms of discomfort began 
only after trauma due to stress and strain of function, infection or 
injury had so aggravated the condition as to cause a clinical picture of 
arthritis or of a derangement in the hip joint. 

Roentgen examination showed bilateral involvement of the hips in 
all five cases. If arthritis were the fundamental etiologic factor, 
bilaterality would be unusual in this group, and more joints would 
undoubtedly have been involved. 

Ossification of those portions of the ilium, ischium and pubis which 
form the acetabulum is usually completed at the age of 17 years. The 
typical deep acetabulum with intrapelvic protrusion must therefore have 


12. Schaap, C.: Intrapelvic Protrusion of the Acetabulum, J. Bone & Joint 
Surg. 16:811, 1934. 
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been present previous to that time. The symptoms in the right hip in 
case 3 did not begin until the age of 32; there was no discomfort on 
the left side although roentgen examination showed that both hips were 
typically involved. In case 4 the patient had symptoms referred to the 
left hip in early adolescence, but the right hip was not painful until he 
was 42 years of age, and the development of symptoms followed an 
injury to the knee. The remaining three patients had had peculiar gaits 
since walking began. 

All roentgenograms showed the same major changes, which were not 
altered by the exciting cause for the discomfort or the time of the onset 
of the symptoms. The roentgen pictures have a_ characteristic 
appearance. 


TABLE 3.—Résumé of Cases Typical of the Form Reviewed 


Duration of 
Age of Patient Sex Symptoms in Hip 
Over Under Over Under No Dis- 
Reviewed Cases 20 20 ? M F ? 20 20 comfort 
Pomerantz * (23 
. re 41 28 11 2 7 32 2 Not discussed 
Rechtman (14 
re 38 37 1 0 18 20 0 28 9 1 
Rechtman............ 5 5 0 0 3 2 0 2 2 4 hips, 3 
84 70 12 2 28 54 2 30 ll 


A history not alone of the present attack but of the first symptoms 
referable to the hip may suggest the congenital etiology of the condition. 
A study of the family history may show the relationship of heredity. 


CONCLUSIONS 


Five cases of congenitally deep acetabulum and of intrapelvic pro- 
trusion of the acetabulum are presented. In all the lesions were 
bilateral. Two of the patients were women who delivered children with 
no undue difficulty despite the undoubted narrowing of the pelvis by the 
deformity. Of the ten hips, six were painful at some time and four 
caused no discomfort. Seven of the ten hips were essentially similar in 
appearance on roentgen examination. The other three hips showed deep 
acetabula without intrapelvic protrusion. 

Three of the family histories suggested a hereditary factor. 

A consideration of the embryology and of the development of the 
acetabulum further suggests that the condition is congenital. 

The adoption of one term for general use in the nomenclature is 
advised. 
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DIAGNOSIS OF CANCER OF THE STOMACH 


THE USE OF THE GASTROSCOPE AND THE GRUSKIN TEST 


GERALD H. PRATT, M.D. 


Instructor in Surgery, New York Post-Graduate Medical School and 
Hospital (Columbia University) 
NEW YORK 


The lesion causing approximately half of the deaths from cancer and 
3 per cent of all the deaths in this country, with a mortality rate that 
increases in spite of continued study, cannot be overstressed. Fair 
advances are being made in the attack on the problem of cancer in gen- 
eral. Cancer of the stomach practically alone remains with an increasing 
death rate. The reason is at once apparent. The incidence is high, .and 
the diagnosis is perhaps the most difficult one to make at the present 
time. The symptomatology is so variable as to be often valueless, 
and particularly is this true in the early stage when the cancer is eradi- 
cable. While roentgen diagnosis of the cancer has been greatly improved, 
the dependence on this very procedure perhaps contributes as much to 
the incidence of advanced cases as any other factor. The difficulty of 
arriving at a definite diagnosis by clinical methods and the fear of sub- 
mitting the patient to a needless operation have caused physicians to 
place undue reliance on roentgenograms, with the result that many 
patients with early cancer and symptoms arousing suspicion of cancer 
are given a clean bill of health and carcinoma eliminated from con- 
sideration, to the subsequent regret. I feel safe in saying that there is 
no true early diagnosis of carcinoma of the stomach from roentgeno- 
grams. The size of the organ and its structure, with its various normal 
folds and rugae, its magenstrasse and its sensitivity to intrinsic and 
extrinsic stimuli, make the detection of a small lesion uncertain. Only 
when theré is a constant filling defect or sufficient change in the wall 
to cause a persistent shadow or an obstruction may a presumptive diag- 
nosis of cancer be made, and usually at this time the lesion is advanced. 

The increase in the incidence of carcinoma of the stomach is per- 
haps more relative than absolute. The fact remains, however, that about 
45 per cent of all deaths from cancer in men are due to the lesion 
in the stomach, and, while in women the genital tract is most often the 
primary site, the stomach is the locus in over 20 per cent of the cases, 
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thus closely following the uterus and the breast. Cramer’s' figures 
show a gross European incidence of 52 per cent, Bavaria having the 
highest with 55.8 per cent and England the lowest with 25 per cent; 
these figures include both sexes. The racial character of the incidence 
is striking and may lead one to overstress the factor of heredity. Steven- 
son’s * work in England carried knowledge of the environmental distri- 
bution further by showing an increasing percentage of cancers of the 
stomach occurring in the lower strata of society, suggesting a difference 
in alimentary hygiene as the basis for the variation. That there is a 
racial or social (hygienic) susceptibility is further evidenced in the report 
from Sumatra, where the population is composed of Chinese and 
Javanese, races that never intermarry, and where primary cancer of 
the liver is common. The statistics show primary carcinoma of the 
liver occurring in 36 per cent of the Chinese and 54.4 per cent of the 
Javanese and new growth in the stomach in 25.3 per cent of the Chinese 
and only 1 per cent of the Javanese. 

How serious the problem of early diagnosis has become may be 
realized from a personal observation made in a very active surgical 
service in a neighboring city: In four years there were seen on the 
operating table only four patients who fulfilled all of the requirements 
for operability. In comparison with this incidence, the records on the 
last one hundred patients with cancer of the stomach who were operated 
on at the New York Post-Graduate Medical School and Hospital were 
examined. Taking as criteria the classic requirements according to 
leading textbooks of surgery,* namely, a relatively small growth which 
is freely movable and which is unaccompanied with evidence of 
metastases or with ascites or with anemia due to the growth (less than 
60 per cent hemoglobin), one found that 1 per cent of the patients 
had growths that were definitely operable; in 24 per cent there was 
some question as to the operability, thus leaving 75 per cent of the 
patients potentially incurable. Seventy-five per cent had metastases, 
while in 25 per cent either there were no metastases in the section 
removed or metastases were not felt at the time of operation. The 
common use of the words “operable” and inoperable” is unfortunate. 
The term “potentially curable” would be more accurate. The teaching 
in surgery today should be that, with or without metastases, operation 
should be performed if at all possible, because if there is no operation 
the condition is hopeless. On the other hand, removal of the parent 


1. Cramer, W.: Cancer of the Stomach, Lancet 1:1 (Jan. 6) 1934. 

2. Stevenson, quoted by Rowlands, R. P.: Cancer of the Stomach, Brit. M. 
J. 1:905 (May 27) 1933. 

3. Babcock, W. W.: Text-Book of Surgery, ed. 2, Philadelphia, W. B. Saun- 
ders Company, 1935; Personal communications to the author. DaCosta, J. C.: 
A Manual of Modern Surgery, Philadelphia, W. B. Saunders Company, 1933. 
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growth in an apparently incurable stage often has a palliative effect even 
in the presence of metastases, with an occasional retrogression in these 
growths. Then, too, there is the possibility of a mistaken diagnosis or 
of an error as to the stage of advance and, as Balfour * said, once in a 
while one is fooled by seeing a patient concerning whose condition the 
prognosis was very bad survive and live a subsequently useful life for 
ten or more years. 


For the last three years, according to the Quarterly Cumulative Index 
Medicus, an average of 104 articles on carcinoma of the stomach have 
been published each year. Analysis shows that 35 of the articles are 
in American journals, and that only one sixth of these are concerned 
with diagnosis, the real problem in cancer. The majority contain dis- 
cussions of different methods of therapy—mostly new and larger resec- 
tions for larger and more advanced growths. As there is only one cure 
for the condition, that is, early and complete resection, it seems that 
time and study are being wasted in devising more complicated opera- 
tions, when the ones available are efficacious in trained hands when the 
lesion is curable. 


Important points in the diagnosis should be discussed from time to 
time to keep the matter constantly in mind. In general it may be said 
that any person with symptoms of epigastric distress or uneasiness, 
whether associated with the digestion of food or not, should be regarded 
with suspicion, especially if this distress is of recent origin. The signs 
of cancer listed in textbooks—loss of weight, loss of strength, anemia, 
a mass in the epigastrium, vomiting of material like coffee grounds and 
tarry stools—together with a roentgen diagnosis, might be better 
classed as signs of incurability and impending death rather than as 
signs of carcinoma. This symptomatology was developed from the 
autopsy table, and it is well to keep the association of these signs with 
the autopsy table in mind. The clinical diagnosis is made more difficult 
by the fact that the signs may develop in one of three ways: 1. There 
may be an abrupt onset of epigastric distress, usually of a few weeks’ 
or months’ duration, with rapid development of an inoperable growth. 
This type of growth under the microscope is most often graded 4 or 3 
in the Broder scale of malignancy. 2. There may be a gradual onset 
of epigastric distress, often relieved by food or soda for a time and 
variously diagnosed as gastritis, duodenitis, chronic cholecystitis, and 
peptic ulcer by the modern gastro-enterologist, who uses these terms to 
replace the cover-all of “dyspepsia” of his predecessor. 3. In the 
smallest group of patients there may be no symptoms referable to the 
gastro-intestinal tract until late in the course of the disease. It is this 


4. Balfour, D. C.: Curability of Cancer of Stomach, Surg., Gynec. & Obst. 
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great variation in the kind and degree of symptoms that makes the 
labeling of cancer of the stomach difficult. The history, while seldom 
pathognomonic, is helpful and has served its purpose if it has aroused 
one’s suspicion. While many patients lose “curable time” trying neigh- 
bor’s suggestions and home remedies, it is more often one’s own inability 
to confirm the diagnosis that leads to the hopeless condition seen so 
often at the operating table. In a review of a hundred charts of patients 
with cancer of the stomach in Philadelphia, 65 per cent were found to 
give a history of over six months’ care at a clinic or at home by a 
physician for “stomach trouble.” This means that six months’ time 
was lost to the patient not through his own fault but through the ignor- 
ance of the medical profession. It seems certain that in gastro-entero- 
logic clinics throughout the country, private and free, many early 
carcinomas are being treated under various diagnoses other than that of 
cancer. Obviously, all of the patients cannot be explored to find an 
occasional early malignant condition ; thus one is led back to the primary 
conclusion that better methods must be found. Fortunately, this diag- 
nostic field seems to be enlarging, and two of the added procedures will 
oe further discussed. 

The presence of achlorhydria in certain cases of carcinoma of the 
stomach has suggested a test for use as an adjunct in diagnosis, but as 
Comfort and Vanzant* concluded, the test usually fails when most 
needed. It may help to differentiate duodenal ulcer and a pyloric car- 
cinoma, but it is subject to error. This brings me to the subject of 
ulcer. There must be a careful differentiation in the treatment of 
duodenal and gastric ulcer. A duodenal ulcer may be regarded passively 
with impunity, but a gastric ulcer is always dangerous owing to its 
potentially malignant character. Bloomfield’s® recent report seems to 
indicate that cancerous ulcers have not been malignant from their onset 
but have developed from benign to malignant lesions over a period of 
time. It seems logical that if progress is to be made in the prevention 
of cancer of the stomach all gastric ulcers should be operated on, not 
for the removal of the ulcer per se but to eliminate the possibility of 
malignant growth. Any ulcer over 1 cm. in diameter, as has been 
shown, is more often malignant than benign, and the size of an ulcer as 
measured by means of the roentgen ray is notably inaccurate. The main 
thought, however, is that an ulcer in the duodenum is in an area free 
from the potentiality of cancer, while an ulcer in the stomach is in the 
organ most often the site of new growth. While the surgeon is prone 


5. Comfort, M. W., and Vanzant, R. R.: Gastric Acidity in Cancer of 
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to abandon the treatment of duodenal ulcer to the physician, it is the 
belief that gastric ulcer necessitates a much more through investigation 
and, in the presence of reasonable doubt, an exploration. Only in this. 
way can one make inroads into the alarming mortality from cancer of 
the stomach. While the figures for the immediate mortality from gastric 
resection are high (approximately 10 per cent in trained hands) one 
must remember that most resections today are made on advanced 
growths, in patients who present poor risks. In subjects who present 
good prospects, taken before the stage of hopelessness, the risk could 
be materially lessened, as shown in the reports on resections by sur- 
geons who perform them as a routine in the treatment of peptic ulcers. 
Suggestions as to further diagnostic prcoedures seem quite in order, 
and I wish to make two. 

At the present time carcinoma of the rectum is being treated suc- 
cessfully in more cases than is cancer of any other internal organ with 
the exception of that of the larynx, owing to the fact that in 85 per 
cent of the cases a growth in the large bowel is within reach of the 
finger or the proctoscope, and more physicians are making careful rectal 
and sigmoidal examination a part of their routine. What the procto- 
scope has meant in the diagnosis of rectal and sigmoidal lesions, it is 
my belief, the gastroscope will mean in that of lesions of the stomach. 
A great deal of work along this line is necessary, but with routine 
use replacing occasional use of the gastroscope in cases in which car- 
cinoma is suspected the goal should be approached more quickly. Kuss- 
mal (cited by Benedict “) pioneered in gastroscopy, using a professional 
sword swallower as the subject of his experiments, but the results were 
far from satisfactory, Mikulicz* in 1881 and Rosenheim® in 1896 
worked on the same procedure, but it was not until after 1900 that a 
satisfactory visualization was obtained. Subsequently, the apparatus 
was used considerably in Germany, but it was never used much in 
America, owing to its clumsiness and the elaborateness of the technic. 
Just three years ago,a German physician, Schindler,’ and an instrument- 
maker named Wolf developed the Wolf-Schindler flexible gastroscope 
with its clever arrangement of lenses, and this instrument has revolu- 
tionized the work. The first American report, by Benedict ™ of Boston, 


7. (a) Benedict, E. B.: Examination of Stomach by Means of Flexible Gas- 
troscope, New England J. Med. 210:669 (March 29) 1934. (b) Benedict, E. B., 
and Allen, A. W.: Adenomatous Polypi of the Stomach, Surg., Gynec. & Obst. 
58:79, 1934. 

8. Jackson, Chevalier, and Jackson, C. L.: Personal communication to the 
author ; Peroral Gastroscopy, J. A. M. A. 104:269 (Jan. 26) 1935; Bronchoscopy, 
Esophagoscopy and Gastroscopy, Philadelphia, W. B. Saunders Company, 1934. 
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based on a study of seventy-five patients, demonstrated both the safety 
and the practicability of the use of this instrument. While Benedict ™ 
used it particularly in the study of gastritis, its efficacy in the diagnosis 
of carcinoma is shown by the fact that in ten of twelve cases of cancer 
the condition was recognized, and in the first series of patients. Jack- 
son’s *° results in Philadelphia were equally encouraging. It is easy to 
see that with improvement in the technic and especially with the advan- 
tage of experience in the recognition of the lesion the percentage of 
correct diagnoses will approach 100. Naturally there are objections. 
The gastroscope is still a highly specialized instrument, but in time the 
clinician will resort to the gastroscopist more and more in the diagnosis 
of lesions of this type. The idea is presented again to stimulate thought 
on the subject and to show a bright point in an otherwise dark outlook. 
The other point that I wish to stress is along the line that many 
believe will eventually lead to the etiology of cancer, namely, sensi- 
ization. I refer specifically to the Gruskin" test for malignancy. 
(here have been many tests for malignancy, but none has stood the test 
f time with such remarkable validity as the Gruskin test. It is based 
m the fundamental consideration that malignant cells are born embry- 
nic and remain embryonic in contradistinction to normal cells, which 
.re born embryonic but which mature. The protein of malignant cells 
5 not the same as that of normal cells. This is shown chemically by 
he fact that incineration of malignant growths gives a heavy deposit 
{ inorganic salts similar to the heavy deposit found after incinera- 
‘ion of embryonic cells, while normal cells or benign growths when 
vicinerated leave no such deposit or only a trace of inorganic salts. 
iologically, the difference between embryonic and mature cells is shown 
y the fact that the fetus in utero is never attacked by the spirochete 
f syphilis until after the first six weeks or until the embryonic cells 
actually begin to mature and the character of their protein to change. 
lhe immaturity of the malignant cells and the specificity of their pro- 
‘eins are manifested by the formation of pseudopodia when the cells 
are injected intradermally and by the precipitation of the proteins by 
serum from persons with malignant growths. Thus the test is based on 
injection of an embryonic antigen made from the most embryonic cells 
known, namely, epithelial cells from the embryonic calves’ pancreas or 
liver, for carcinoma, and, for sarcoma, Wharton’s jelly, which contains 
the embryonic stellate connective tissue cells. While Gruskin’s enthusi- 
asm made his claims for his test sound exaggerated beyond the expec- 
tations of any laboratory procedure, later investigation has substantiated 


10. Jackson, C. L.: The Use of the Flexible Gastroscope (Address to New 
York Gastro-Enterological Society, 1935). Jackson and Jackson. ® 


11. Gruskin, B.: A Serum Test for the Diagnosis of Cancer Based on a New 
Theory of Etiology, Am. J. M. Sc. 177:476 (April) 1929. 


4 i 
| ; 
. Fs 
> 
4 
4 
1 
1 
) 
> 
> 
» 
4 
a 


144 ARCHIVES OF SURGERY 


those claims. A careful clinical and serologic investigation by disinter- 
ested, and in some cases decidedly skeptical, observers showed positive 
results in 88 per cent of cases.’* Since that time five more patients 
with positive Gruskin reactions and negative results from clinical exami- 
nations have shown the development of carcinoma, thus bringing the 
corrected percentage to 92.‘° Dr. Harry Bacon, in Philadelphia, in a 
series of fifty-one patients, had correct results with the Gruskin test in 
100 per cent of the cases, and other observers have reported series with 
correct results in from 92 to 100 per cent of the cases. When one con- 
siders that the Wassermann test is accurate in only about 78 per cent 
of the cases, one realizes that in the Gruskin test one has something 
definite. It is not a cover-all diagnostic procedure. The Gruskin reac- 
tion is a very strong link to add to the chain of suspicious evidence 
that may lead to an early exploratory operation. It would be wise to 
make such a test on every patient who comes to a gastro-enterologic 
clinic and then carefully examine those with positive reactions with the 
thought of gastroscopy and exploratory operation in mind. It is clear 
that.only in some such way will one discover the condition when a cure 
is possible. 

One hundred patients were studied in cooperation with Dr. B. 
Gruskin. An analysis of the results follows: 


Correct Results Incorrect Results Percentage of 
Patients from Gruskin Test from Gruskin Test Correct Results 
100 92 8 92 
Percentage Percentage 
Positive Negative Correct Positive Correct Negative 
Gruskin Reactions Gruskin Reactions Gruskin Reactions Gruskin Reactions 
74 26 81.8 76.9 


These figures show that the positive reaction to the Gruskin test did not 
agree with the result of clinical observation in eight instances. Some 
of these eight patients may later show clinical evidence of malignant 
change. While more observation on the possibilities of the Gruskin 
test is necessary before one may advocate its acceptance over clinical 
judgment, the results so far are extremely encouraging. 

The possibility of further education of the public is far from 
exhausted. The effect of an educational campaign was well shown in 
the large number of patients with growths of the breast who presented 
themselves after the campaign of a few years ago. The traveler reading 
the miles of bill boards extolling the virtues of this or that tooth paste 
over others must pause and consider the great common good that could 
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be done by a campaign, national or international in scope, embracing 
bill boards, publications and the radio, and detailing the symptoms of 
early cancer, perhaps those of cancer of a different organ each month. 
Such a campaign would be a challenge to the medical profession to 
diagnose the lesions earlier and would greatly stimulate diagnostic 
research. While the scientific world struggles to find a cure for cancer 
it is at times refreshing to realize that there is a positive cure at hand 
in complete surgical removal. Perhaps more progress would be made if 
the cry were not, “When will we find a cancer cure?” but rather “When 
will we find an early diagnostic procedure ?”’ With this thought in mind, 
cancer does not seem so hopeless, and with more research directed 
toward diagnosis, leaving the treatment to surgeons and the small field 
amenable to radium and roentgen therapy to radiologists, definite prog- 
ress may be made. 
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GASEOUS DISTENTION ASSOCIATED WITH MECHAN- 
ICAL OBSTRUCTION OF THE INTESTINE 


JAMES S. HIBBARD, M.D. 


WICHITA, KAN, 


In spite of the fact that absolute evidence has not been obtained 
as to the cause of the symptoms and death in cases of mechanical 
obstruction, some writers emphasize distention as a fundamental etio- 
logic factor. The disturbed physicochemical balance of the body has 
been considered a contributing factor. Herrin and Meeks * have reported 
that the symptoms of dehydration, decrease in blood volume, loss of 
electrolytes, alkalosis and especially dechlorinization were really the basis 
for the cause of death in cases of obstruction and that these symptoms 
could be reproduced in experimental animals by distending a segment 
of intestine to a relatively high air pressure. Carlson? has produced 
a condition similar to simple obstruction by the same procedure. The 
remarkable results obtained by Wangensteen * by the use of continuous 
suction with a nasal catheter in cases of simple obstruction may be 
attributed either to the relief of distention or to the removal of accumu- 
lated gas and fluid. Burget‘* has prolonged the life of experimental 
animals by relieving the tension in obstructed loops of bowel by simple 
aspiration of their contents. Raine and Perry °* attributed the distention 
not only to a blocking of the normal pathways of elimination but to 
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the gradually increasing intra-intestinal pressure, which in turn stimu- 
lates secretion of fluid and gas and diminishes absorption. It is with 
these points in mind that a study of the gaseous distention occurring 
in association with simple mechanical ileus is presented. 


REVIEW OF THE LITERATURE 


In discussing the origin of gas in the intestine the majority of 
observers state that the gas is derived from three sources: 


1. Decomposition of intestinal contents 
(a) Chemical and enzymic decomposition 
(b) Bacterial fermentation and putrefaction 


2. Diffusion of gases from the blood into the intestinal lumen 


3. Passage of atmoshperic air from the stomach into the 
intestine 


Chemical Decomposition According to Kantor and Marks® an 
normous amount of gas may originate in the upper portion of the 
mall intestine. It is formed by mixture of the acid gastric contents 
ith the carbonates present in the alkaline biliary and pancreatic secre- 
on and is composed almost entirely of carbon dioxide. Von Bunge‘ 
aphasized that as much as 6 liters of gas may arise from this source. 
chierbeck,* in studying the formation of gas in the stomach before 
od after ingestion of food, found that the carbon dioxide tension rose 
‘om 30 to 40 mm. before eating to 130 mm. two hours after digestion 

| food. He attributed this to the liberation of carbon dioxide by the 

-nchronous secretion of sodium bicarbonate and hydrochloric acid from 
‘ve mucous membrane. Kraus-Ragins® studied the liberation of 
“mmonia in tryptic and peptic digestion in vitro. She concluded that 
‘n tryptic digestion the liberation of ammonia is due to an enzymic 
activity, whereas in peptic digestion it is due only to the acidity. The 
“reatest activity was reached after from five to seven days. 

Bacterial Fermentation and Putrefaction—The common bacteria 

found in the intestine have been thoroughly investigated by Smith.’° 
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Closed intestinal loops in the dog, at different levels and with a variation 
in pu, were studied. According to this author the most predominant 
bacteria encountered were Clostridium Welchii (87.5 per cent of the 
cases), Bacillus coli (85 per cent of the cases), Streptococcus (45 per 
cent of the cases) and Staphylococcus (32.5) per cent of the cases). 
Contrary to the common belief that Cl. Welchii does not thrive in 
alkaline mediums, an alteration in the flora was not noticed with a 
variation in the py from 5.8 to 8.89. No significant difference in the 
flora of the intestinal loops was observed at different levels. 

Meleney, Berg and Jobling *' studied bacteriologically the intestinal 
contents of dogs in which chronic duodenal obstruction had been pro- 
duced. They concluded that normally Cl. Welchii was present in 70 
per cent of the cases, varieties of the nonhemolytic streptococcus group 
in 50 per cent, and B. coli in 40 per cent. After obstruction the number 
of organisms was enormously increased, the increase being greatest in 
the B. coli group. Paine and Wilder ** showed that a marked increase in 
the number of organisms occurred for a few days after obstruction 
but that there was a decided decrease as the obstruction progressed. 
They obtained intestinal fluid for counts by aspiring a segment of intes- 
tine that had been transplanted under the skin. Torrey ** was able 
to isolate only a few organisms from material taken from above the 
ileum. Cl. Welchii and a few gram-positive diplococci were the only 
bacteria encountered. Organisms of the B. coli group first came in 
evidence in the ileum, and there also were found enormous numbers of 
the species Cl. Welchii. Torrey divided the intestinal bacteria into 
two groups, those which are fermentative and those which are putre- 
factive or, as in the case of Cl. Welchii, are found in a putrefactive 
flora although they are functionally fermentative. B. coli is inter- 
mediate between these two groups, according to Torrey, and possesses 
both fermentative and putrefactive properties. Kantor expressed 
the belief that a certain quantity of gas is formed in the lower portion 
of the bowel by the fermentation of sugars and starches. The sugars 
and starches are broken down to monosaccharides by enzymic action. 
The monosaccharides that are not absorbed are available for decom- 
position to form carbon dioxide by bacterial action. Kantor further 
stated that carbon dioxide and fatty acids arise from cellulose when 
neutralized by the alkaline carbonates in the proximal portion of the 
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colon. He attributed this action on cellulose to a specific property of 
bacteria in the cecum. Schwartz '® produced a large quantity of gas 
experimentally by decomposing cellulose at 38 C.. One hundred grams 
of cellulose yielded 19.5 liters of carbon dioxide, 7.5 liters of methane 
and 4 liters of hydrogen. This showed the enormous amount of com- 
bustible gas as well as carbon dioxide which may result from this 
specific bacterial action on cellulose. Boycott and Damant,’* working 
with goats on a diet of oats and hay, estimated by quantity of methane 
and hydrogen formed as being between 10 and 30 cc. per kilogram per 
hour. This is equivalent to from 3.5 to 6.6 per cent by volume of 
the total carbon dioxide produced in the same time. Boycott and 
Damant assumed that at least twice as much carbon dioxide as com- 
bustible gas arose from fermentation in the alimentary tract. Further, 
since the combustible gas is equal to 5 per cent of the total carbon 
dioxide, at least 10 per cent of the carbon dioxide formed arose from 
fermentation and not from tissue metabolism. 

Not nearly so much gas originates from putrefaction of proteins as 
from fermentation of carbohydrates. The gas from putrefaction of 
proteins was said to form hydrogen sulfide and ammonia and was con- 
sidered to be the only source of the latter gases. 


Diffusion of Blood Gases Into the Intestinal Lumen.—Mclver’s ** 
work on secretion of gas from the blood has attracted considerable 
attention. He found that when oxygen was injected into a closed loop 
of intestine there was not only absorption but a replacement of gas. 
The excreted gas consisted largely of nitrogen (from 20 to 30 per 
cent), with about from 5 to 6 per cent carbon dioxide. When carbon 
dioxide was injected it was absorbed rapidly and was not replaced. 
Nitrogen was absorbed slowly, and a small percentage of replacement 
by carbon dioxide and oxygen was observed. Kantor and Marks °® 
explained the enormous displacement of nitrogen not only by the fact 
that it occurred under a partial pressure of about four-fifths atmosphere 
but also by the fact that the entire amount was held in a loose combi- 
nation in the blood plasma. Ylppo,'* in experiments on himself, found 
that after from forty to sixty minutes atmospheric air disappeared 
from the stomach. The remaining gas had a constant oxygen carbon 
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dioxide ratio, which was similar to that of gas in the blood. He simul- 
taneously analyzed alveolar air and demonstrated a constant ratio 
between the gases in the stomach and those in the blood. Dunn and 
Thompson *® expressed the belief that all the carbon dioxide in the 
normal stomach, whether during fasting or after ingestion of food, could 
be accounted for by secretion or diffusion from the gastric mucosa. 
This is in contrast to the experiments of Schierbeck,* who showed that 
carbon dioxide was formed by chemical or bacterial action on foodstuffs. 
To prove this, Dunn and Thompson demonstrated that atmospheric 
air ingested or injected into the stomach tends to come into equilibrium 
with the gases in the blood within one hour in the case of carbon dioxide 
and much later, if at all, in the case of oxygen. The carbon dioxide 
content of the stomach during fasting was only 0.92 per cent less than 
that after ingestion of a full meal. In thirty-one of one hundred cases 
evidence of formation of gas was shown by only a few bubbles of gas 
when the gastric contents were incubated in a saccharimeter. Camp- 
bell 7° calculated the oxygen and carbon dioxide tensions in the mucous 
membranes by ascertaining the various concentrations of the gases above 
and below the normal limits. He found the normal oxygen tension 
in the stomach to be from 10 to 20 mm. of mercury, while the carbon 
dioxide tension was from 40 to 60 mm. of mercury. In the small intes- 
tine the tensions for oxygen and carbon dioxide were from 20 to 40 
and from 35 to 60 mm. of mercury, respectively. Schoen *! showed 
that after free carbon dioxide was injected into intestinal loops the 
average percentage of carbon dioxide increased to 6.2, or a tension of 
47.1 mm. of mercury, in a short time. 


Passage of Atmospheric Air from the Stomach into the Intestine — 
Kantor ** stated that the gas in the stomach consists of 80 per cent 
nitrogen and 20 per cent oxygen. Of this, oxygen is absorbed in part. 
Nitrogen, as demonstrated by McIver ** and Schoen,”' is extremely 
resistant to absorption and hence must either be belched up or pass 
through the entire gastro-intestinal tract. Mclver,”* directly observing 
the intestines of cats after distention of the stomach, noticed that the 
small intestine became distended as the stomach decreased in size. When 
the small intestine was obstructed, gas was seen to collect in the intestine 
above the obstruction. He attributed this not to diffusion from the 
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blood but to passage of the gases from the upper portion of the gastro- 
intestinal tract down to a level proximal to the point of obstruction. 


Absorption of Gases —On this subject MclIver’s '* work seemed to be 
outstanding. In experiments on cats he calculated the absorptive powers 
of the gases commonly found in the gastro-intestinal tract. He expressed 
the relative rates of absorption, in cubic centimeters, in a 25 cm. loop 
of small intestine over a period of one hour. They are as follows: 
carbon dioxide, 160; hydrogen sulfide, 69; oxygen, 17; hydrogen, 7.5; 
methane, 5, and nitrogen, 1.25. After injecting atmospheric air into 
the lumen of the intestine, he observed that the volume diminished 
during the first and second hours owing to the absorption of oxygen. 
After the oxygen tension had reached a level with the tension of the 
surrounding tissue, only 4 cc. disappeared in five hours. 

The results reported in Schoen’s *' paper appear to be conclusive. 
Two hours after injecting pure oxygen into a closed intestinal loop he 
found that the gas consisted of 72 per cent of oxygen, 5 per cent of 
carbon dioxide and 22 per cent of nitrogen. When carbon dioxide was 
injected the volume of gas was 0 in experiments lasting from five to 
thirty minutes. Schoen introduced air containing 88.5 per cent of nitro- 
gen, 11.5 per cent of oxygen and no carbon dioxide. One hundred and 
twenty minutes after the injection he found the gas to be composed 
of 83.8 per cent of nitrogen, 9 per cent of oxygen and 7.2 per cent of 
carbon dioxide. He wished to emphasize the fact that little nitrogen 
was absorbed and that the change was due more to the increase in carbon 
dioxide than to a decrease in nitrogen. The rate of absorption per 
minute as calculated by Schoen was from 0.135 to 0.2 cc. under a pres- 
sure of 7 cm. of water and from 0.2 to 0.3 cc. under a pressure of 
2 cm. of water. Calculated per cubic centimeter of surface per minute, 
it was from 0.014 to 0.016. Hydrogen was found to have approxi- 
mately the same rate of absorption as nitrogen. Schoen proved defi- 
nitely that the important factor in retardation of absorption was the 
occurrence of dilatation and relaxation of the intestinal wall. 


Circulatory Interference-——Mclver ** studied the absorbability of 
gases after partial occlusion of the portal veins. In two experiments 
in which he injected outside air, the volume increased after one or two 
hours. The increase in volume was due to the accumulation of carbon 
dioxide. The oxygen content decreased markedly. When carbon dioxide 
was injected into a loop, the volume decreased to more than one-half 
in ten minutes. The results of Schoen’s ** work were similar, but they 
indicated that no clinical condition, with the exception of mesenteric 
vascular occlusion, would simulate this experimental procedure. In 
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previous work I ** demonstrated by means of roentgenograms that very 
little gas was observed after ligation of the veins alone but that after 
ligation of the arteries or of the arteries and the veins large quantities 
could be seen on the roentgenograms. 


Excretion of Gas by Way of the Blood and Lungs—dZuntz and 
Tacke ** demonstrated that under normal conditions the combustible 
group of gases is eliminated mainly by way of the blood stream, only 
a small portion being expelled. In one experiment the total amount of 
gas excreted by rectum was 30 cc. in seven hours; of this 3 cc. was 
combustible gas. This is in contrast to the large amount excreted 
through the blood and lungs, namely, 100 ce. 


METHOD OF ANALYSIS OF GAS 


The gases of the obstructed intestine were analyzed by means of the apparatus 
used by the United States Bureau of Mines.25 The carbon dioxide content was 
determined by absorption in 30 per cent potassium hydroxide; the oxygen content, 
by absorption in alkaline pyrogallol, and the hydrogen sulfide, by absorption in 
arsenous chloride. The volatile basic group was absorbed in a known acid and 
titrated with a known alkali. The hydrogen and the saturated hydrocarbon con- 
tent were determined by the explosive method. In the experiments with animals 
samples of gas were drawn over mercury into specially made gas tubes while the 
animals were under ether anesthesia. The intestine was ligated over the tip of 
the inlet tube, after mercury had been forced to the top. By lowering the leveling 
bottle so as to produce a gentle suction and at the same time stripping the intestine 
toward the inlet tube the entire volume of gas was drawn into the gas tube. With 
this procedure the dead space was practically negligible, since control analysis 
checked satisfactorily. In the clinical cases in which operation was performed the 
gas was drawn over mercury directly from the intestine into sample tubes. Since 
in the cases in which no operation was performed decompression was brought about 
by continuous duodenal suction, the sample tube was connected directly to the 
rubber tubing leading to the suction apparatus by a three way stopcock. In order 
to prevent contamination from the air in the rubber tubing, the mercury was 
forced up to the stopcock, and as soon as gas was being obtained by the suction 
apparatus, it was shunted into the gas tube. 

Simple Obstruction of the Small Bowel.—The origin and composition of gases 
which developed in cases of obstruction of the small bowel at a low level were 
investigated by four types of experiments. 

In group A, simple mechanical obstruction was produced in thirteen dogs by 
dividing the intestine at the ileocecal junction and inverting the ends. Before the 
operation the animals received a general diet containing carbohydrates, proteins 
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and fats. They were offered food after operation, but they took both food and 
water sparingly. At intervals of from two days to three weeks they were anes- 
thetized with ether, and the intestinal gas was drawn off for analysis. In addition, 
the total volume of gas and intestinal fluid was determined. 

Closed Loop Obstruction of the Small Bowel: In group B different types of 
closed intestinal loops were studied, as this was considered the most applicable 
way in which swallowed atmospheric air could be excluded. The first series of 
experiments was confined to segments of intestine 2 feet (60 cm.) in length 
involving the jejunum or ileum. The animals were killed forty-eight hours after 
operation. The gas and fluid contents from the closed loops were aspirated and 
measured. A quantitative analysis could not be made because the amount of gas 
was too small. In a considerable number of animals in this series the tension 
caused by diffusion of fluid into the lumen of the bowel became so great that the 
formation of gas was probably considerably influenced. Many of the animals died 
of peritonitis as a result of perforation of the loops. In the second series, intes- 
tinal loops from 50 to 70 inches (127 to 178 cm.) in length were successfully 
produced by dividing the operative procedure into two stages. 

Simple Obstruction of the Small Bowel with Esophagostomy: In the third 
series of experiments swallowed air was excluded by a different type of procedure. 
An esophagostomy, with closure of the distal end, was performed on animals in 
this series, either at the time the lower portion of the ileum was obstructed or a 
few days before. The gas present in the stomach was carefully aspirated in all 
experiments in which both procedures were accomplished in one stage. This type 
of experiment entirely excluded the undesirability of having a closed intestinal 
loop yet prohibited the gas formed within the bowel from being contaminated by 
atmospheric air. 

Closed Loops Receiving the Biliary and Pancreatic Secretions: Owing to the 
emphasis which Kantor, Maury 2° and Bunting and Jones 27 have placed on the part 
played by the biliary and pancreatic secretions in both forming gas and in causing 
death, a third group (group C) of experiments was performed. This group con- 
sisted of experiments on animals in which long intestinal loops were made, into 
which the aforementioned secretions entered. In order to accomplish this a two 
stage operative procedure was used. 

Closed Loops Receiving Different Foodstuffs: Many writers are of the opinion 
that the gas produced in the normal gastro-intestinal tract has been produced by 
the decomposition of foodstuffs. On account of this belief, various food sub- 
stances, including carbohydrates, proteins and cellulose, which had passed through 
the stomach and small intestine of a normal dog were collected from an ileostomy 
and injected into the intestinal loops. The quantity used was determined by 
stripping the small bowel of a dog that had eaten a normal meal two hours 
previously. 

In group B, series 1 (experiment with short intestinal loops), the animals’ diet 
was limited to protein, carbohydrate or cellulose for a few days before the 
operation. 


Obstruction of the Large Bowel—The character of the gas occurring in asso- 
ciation with obstruction of the large bowel was studied in experiments of similar 
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type. In Group D, series 1, the intestine was divided at the lowermost portion 
of the sigmoid flexure, and in series 2 an esophagostomy was performed in 
addition to the obstruction of the bowel so as to exclude atmospheric air. 


RESULTS AND COMMENT 


The results of experiments and the observations in clinical cases 
are given in the tables. 

Quantitative Composition of Gas Occurring in Association with 
Obstruction of the Small Bowel.—The results given in table 1 
(group A) indicate that the composition of gases found in association 
with mechanical obstruction of the small bowel is different in some 
respects from that of gases occurring in association with other condi- 


TaBLe 1.—Group A: Simple Ileal Obstruction 


Gaseous Content of Bowel 


Dura- Fluid - 


tion Con- Hydro- Volatile 
of tent Carbon Me- Hydro- gen Basic 
Experi- of Dioxide, Oxygen, Nitrogen, thane, gen, Sulfide, Group, 
Ani- Weight, ment, Bowel, Amount, Per- Per- Per- Per- Per- Per- Per- 
mal Pounds Days Ce. Ce. centage centage centage centage centage centage centage 
1 55 2 150 100 ad os oe 
3 5O 2 ore = 4.7 10.00 65+ 0 0 4.3 + 
5 42 3 300 150 6.2 1.48 Ti+ 0 0 7.36 + 
7 4s 3 290 200 12.7 1.10 60+ 0 0 14.00 + 
8 42 3 150 220 12.0 0.69 70+ 0 0 2.00 + 
9 46 3 220 290 9.3 1.00 74+ 0 0 0.90 + 
ll 44 3 235 320 9.1 0.5 70+ 0 0 4.30 + 
22 55 3 1,198 325 13.1 1.8 73.6 0 0 9.40 2.0 
35 36 5 400 200 11.5 0.9 79.4 0 0 6.50 1.5 
34 34 7 200 300 8.8 2.00 66+ 0 0 13.80 8.7 
13 48 3 210 225 24.2 0.30 538.0 0 0.35 18.00 4.2 
12 43 3° 420 430 15.0 1.50 23.0 0 0.5 45.10 + 
373 


* The animal died three days after the operation. 


tions reported in the literature. The presence of hydrogen sulfide and 
volatile basic gases was uniform throughout, and these gases appeared 
in large quantities in a considerable number of the cases. In all the 
experiments hydrogen sulfide occurred in the intestinal loop; its quan- 
tity varied from | to 18 per cent according to the duration of the experi- 
ment (table 1). In the more severe cases of obstruction there was 
noticed a gradual increase in hydrogen sulfide (from 14 to 18 per cent), 
and a marked rise (from 40 to 50 per cent) was observed after death of 
the experimental animal. Likewise, the volatile basic group was not 
absent in any of the analyses. Its concentration varied from 1 to 14 
per cent, was found to be greater after the forty-eight and seventy-two 
hour periods and showed increase after death. 

The results obtained with the combustible group (hydrogen and 
methane) of gases in cases of obstruction of the small bowel were 
entirely unexpected. Methane was present in only a few experimental 
animals and then in only a small amount (0.3 to 0.13 per cent). Simi- 
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larly hydrogen was absent except in three instances, occurring in low 
concentration (0.35 per cent) in one animal and in two cases in which 
the experimental animals had died four and six hours previously. 

The average percentage of carbon dioxide in this group of experi- 
ments agrees with the results of previous experimental work on intes- 
tinal gases and shows a decided approach to that found in the blood. 
Apparently this is due to its high rate of diffusion and absorbability, 
as pointed out by Mclver '* and Schoen.** There is an indication that 
a rise in the carbon dioxide content occurs as the severity of the obstruc- 
tion increases, but this fact needs further observation for verification. 

The quantity of oxygen was from 10 to 12 per cent in the early 
hours of obstruction, but after the seventy-two hour period its value 
fell to a uniformly low figure. 

The nitrogen content was consistently high throughout (from 60 
to 90 per cent). This observation agrees with the literature in practically 
all the analyses of intestinal gas formed either normally or abnormally. 

An explanation for the behavior of hydrogen sulfide, the combustible 
group and the volatile basic group of gases is extremely difficult. Fries ** 
and Basch *° have reported the presence of hydrogen sulfide in analyses 
in which the samples of gas were obtained by rectum. Hydrogen sulfide 
was not detected in samples of gas obtained directly from the stomach 
or small bowel in cases reported by Woodyatt and Graham,*® Kantor 
and Marks,® McIver ** and Basch.2® The presence of gases of the 
volatile basic group has not been previously reported. Boycott and 
Damant ** found large quantities of methane in the stomach of goats 
after the animals had received a food rich in cellulose. McIver 
reported that small quantities of combustible gases were found in cases 
of paralytic ileus, but, as is generally the case, the samples were obtained 
by rectum. Undoubtedly, the greater part of the formation of methane 
and hydrogen is confined to the colon, as Kantor pointed out, and con- 
sequently those gases are not in evidence in cases of obstruction of the 
small bowel. 


Origin of Hydrogen Sulfide and Ammoma.—lt is generally conceded 
that the large amount of hydrogen sulfide and ainmonia is entirely 
dependent on putrefaction of protein. Mathews ** and MacLeod * 
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pointed out that in the course of digestion and absorption of proteins 
free ammonia was split from the proteins. Some of these gases arose 
from the amide linkings during digestion as a result of the putrefactive 
action of bacteria in the intestine. Still another part was formed from 
the partial deaminization of the amino-acids during the process of 
absorption. In addition, Mathews ** emphasized that a large amount 
of ammonia occurred in the pancreatic secretions as well as in the gastric 
and intestinal mucosa. The quantity found in 100 Gm. of fresh intes- 
tinal mucosa was estimated to be from 23 to 48.9 mg. The quantity 
present in the normal intestinal mucosa as reported by Mathews 
amounted to about 40 mg. per hundred grams of fluid. Undoubtedly, 
some of the ammonia formed in the obstructed intestine is present in a 
complex combination as the amide (NH,), but nevertheless a large 
amount (from 0.5 to 3 per cent) of the fluid content occurs in simple 
inorganic combination, as has been shown by my analysis of the fluid 
contents of the obstructed bowl. This could probably be derived in 
part from an endogenous source and is free for volatilization, thus 
presenting an additional means by which ammonia may be formed. 

According to Mathews,** the amount of sulfur entering the body 
as inorganic sulfate is approximately 0.6 Gm. per day. The remainder, 
which amounts to approximately 0.2 Gm., is organically bound. The 
ingested protein-bound sulfur is, for the most part, immediately utilized 
in the body. Mathews ** showed that after a diet with reduced protein 
content the amount of neutral sulfur (SO,), instead of decreasing, rose 
markedly. In accordance with this observation, the neutral sulfur, 
instead of being derived from ingested protein, is probably largely 
derived from endogenous wear and tear. This could account for another 
source of hydrogen sulfide in the obstructed bowel. 

Additional confirmation for the endogenous origin of the hydrogen 
sulfide and ammonia is presented by an analysis of the gas formed in 
a loop of intestine in which a pure culture of Cl. Welchii and 30 Gm. 
of dextrose were inserted. The amount of gas produced in ten hours 
was enormous, in fact so great that gas bubbles were observed pene- 
trating the intestinal wall and extending into the mesentery and peri- 
toneal cavity. The composition of the gas was found to be 13.5 per 
cent carbon dioxide, 2.24 per cent oxygen, 64.14 per cent nitrogen, 4.26 
per cent ammonia and 15.9 per cent hydrogen sulfide. Certainly this 
experiment does not parallel conditions found in clinical cases of intesti- 
nal obstruction. Nevertheless, the same type of bacterial action is 
present in both, and although it is not nearly so fulminating in the 
clinical cases, the ultimate quality of the gases produced is quite 
significant. 
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Source of the Gaseous Distention.—lIt is difficult to determine accu- 
rately the quantity of gas originating either from the atmospheric air 
or from the body. Certain indications as to the routes of origin can be 
deducted by studying the results of experimental open and closed loop 
obstruction. From a comparison of the results in table 1 (group A) 
with those in tables 3, 4 and 5 (group B, series 2, 3 and 4), it is evident 
that the quantity of gas formed in the closed loops is much less than 
the average amount occurring in the open loops of comparable length. 
The gas observed in the closed loops either arises from the decomposi- 
tion of the food or is derived from the blood and surrounding tissues. 
In consideration of the established fact that free nitrogen cannot form 
from digested food material, as shown by Krogh,** and of the obser- 
vation that the gas formed in the loops consisted of 70 per cent nitro- 


TasBLe 2.—Group B, Series 1: Experiments with Closed Short Intestinal Loops 


Duration of Fluid Gaseous 


Weight, Experiment, Content of Content of Level of 
Animal Pounds ours Diet Loop, Ce. Loop, Ce. Loop 

108 24 36 Normal 75 0 Jejunum 
164 36 36 Normal 92 30 Jejunum 
178 20 36 Normal 30 5 Tleum 
154 44 36 Normal 42 20 Tieum 
160 32 36 Normal 40 5 Tleum 
128 18 36 Dextrose 90 15 Jejunum 
122 21 36 Dextrose 248 7 Jejunum 
144 26 36 Dextrose 115 8 Jejunum 
115 34 36 Dextrose 45 10 Tleum 
158 30 36 Dextrose 46 5 Tleum 
130 31 36 Cellulose 28 12 Tleum 
132 25 36 Cellulose 5 Tleum 
131 27 36 Cellulose 114 ll Tleum 
116 26 36 Cellulose 15 15 Tleum 
118 32 36 Cellulose 2 Tleum 
119 23 36 Cellulose 25 Tleum 
114 20 36 Cellulose 15 23 lleum 


gen, it is obvious that the larger part of the gas present must have arisen 
by diffusion from the blood stream. This does not signify that the 
decomposition of foodstuffs produced gas amounting to only 30 per 
cent of the gas found in the closed intestinal loops; it indicates rather 
that this amount is present as the result of the obstruction. Certainly 
a much larger quantity is formed, but through rapid absorption and 
displacement of nitrogen it disappears readily. Probably, formation of 
gas from food material primarily produces a gaseous medium which 
is necessary for diffusion of gases from the blood into the intestinal 
lumen. The relative composition of the various gases is similar, with 
few exceptions, in these two types of obstruction. This is easily under- 
stood since the same processes of diffusion and absorption occur in each. 

Influence of Food on Character of Gas.—The results given in tables 
2 and 3 (group B, series 1 and 2) are contrary to those of other inves- 
tigations on intestinal gases. They suggest that the composition of 


33. Krogh, A. Standin, cited by McIver, Benedict and Cline.2? 


J 
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the gas was not greatly affected by the type of food ingested before 
operation or the type of digestive mixture injected into the loops. Not 
only was the relative percentage of gases unaltered, but the quantity 
produced did not show a marked variation. Probably if the experiments 
had been of short duration, or if a certain food element had been con- 
tinuously injected into the bowel during the experiments, a marked 
variation in the composition of the gas would have resulted. 


TaBLe 3.—Group B, Series 2: Closed Loop Obstruction of Small Intestine 


Gaseous Content of Loop 


tion Con- Hydro- Volatile 
of tent Carbon Me- Hydro- gen Basic 
Experi- of Dioxide, Oxygen, Nitrogen, thane, gen, Sulfide, Group, 
Ani- Weight, ment, Loop, Amount, Per- Per- Per- Per- Per- Per- Per- 
mal Pounds Days Ce. Ce. centage centage centage centage centage centage centage 
2 36 2 60 90.0 
4 42 2 150 70.0 4.50 12.3 87.0 
19 40 3 225 83.0 8.20 2.39 74.6 0 0 12.78 1.62 
38 42 3 1,050 40.0 10.00 4.00 As és 3.00 
31 38 3° 600 40.0 5.12 28 50+ 0 0 15.36 + 
14 46 3* oo 18.00 1.10 11+ 0.13 3.2 62.74 + 
17 2 3* oti 13.00 1.75 37+ 0 2.33 42.20 + 
Average 136 65.5 


* The animal died. 


Tas_e 4.—Group B, Series 3: Simple Ileal Obstruction with Esophagostomy 


Gaseous Content of Bowel 


Dura 
tion Fluid Hydro 
of Content Carbon Nitro- Me- MHydro- gen 
Experi- of Dioxide, Oxygen, gen, thane, gen, Sulfide, 
Ani- Weight, ment, Bowel, Amount, Per- Per- Per- Per- Per- Per- 
mal Pounds Hours Ce. Ce. centage centage centage centage centage centage 
78 36 72 250 110 12.8 11 76.3 0 00 98 
79 34 72 240 140 9.0 3.2 85.0 0 0.0 3.1 
be] 41 72 300 40 9.5 0.4 73.4 0 8.2 8.0 


Influence of Bile and Pancreatic Juice on Character of Gas.—In 
experiments of group C, in which the intestinal loop received the biliary 
and pancreatic secretions, the results were not so satisfactory. Death 
occurred in all experimental animals within sixty hours after operation, 
and it was impossible to obtain samples of gas for analysis before death. 
Although the small quantity of gas formed as a result of this type of 
procedure stands out quite strikingly, the composition of the gas cannot 
be reliably interpreted. At the most, it can only signify that the com- 
position of gas occurring after death is not greatly different from that 
present after death in cases of the other types of obstruction. 


Dura- Fluid ay 
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Quantitative Composition of Gas in Association with Obstruction of 
the Large Bowl.—From observation of the composition of the gases 
occurring in the experiments on obstruction of the large bowel (tables 
6 and 7), it is evident that the values for nitrogen and carbon dioxide 
compare favorably with the concentrations occurring in association with 
obstruction of the small intestine. The percentage of nitrogen appeared 
to be high, and the carbon dioxide content, with a few exceptions, was 
close to that in venous blood. The oxygen content dropped to an 
extremely low value. This agrees with the figures reported by Mclver.** 

Hydrogen and methane were found to be present in all the samples, 
although their concentration was uniformly low. This is in contrast 


Tas_e 5.—Group B, Series 4: Simple Ileal Obstruction with Esophagostomy * 


Gaseous Content 
Dura 
tion Fluid Hydro 
of Content Carbon Nitro- Me- Hydro- gen 
Experi- of Dioxide, Oxygen, gen, thane, gen, Sulfide, 
Ani- Weight, ment, Bowel, Amount, Per- Per- - Per- Per- Per- 
mal Pounds Hours Ce. Ce. centage centage centage centage centage centage 
80 48 72 250 100 12.0 5.7 76.2 0.0 0.0 6.1 
85 45 7 100 60 12.8 0.9 71.6 0.3 0.4 14.4 


* The animals received no food before operation. 


TABLE 6.—Group C, Series 1: Obstruction of the Sigmoid Flexure 


Gaseous Content 
Dura 
tion Fluid Hydro- 
of Content Carbon Nitro- Me- Hydro- gen 
Experi- of Dioxide, Oxygen, n, thane, gen, Sulfide, 
Ani- Weight, ment, Bowel, Amount, Pet- Per- Per. Per- Per- Per- 
mal Pounds Hours Ce. Ce. centage centage centage centage centage centage 
77 nO 192, 650 385 6.5 12 80.0 2.6 0 6.7 
82 47 72 100 215 10.8 14 80.6 1.6 0 5.6 
81 39 72 110 375 13.0 0.8 80.1 1.0 1 3.1 


to the absence of these gases in association with obstruction of the small 
bowel. 1. The fact that the values for the combustible gases were much 
less than the concentration occurring in the flatus of normal persons can 
probably be explained by the marked dilution and relatively high rate of 
absorption of those gases. 


The percentage of hydrogen sulfide was similar to the concentration 
found in the previous experiments. 


Source of the Gaseous Distention Associated with Obstruction of the 
Large Bowel—A comparison of the quantity of gas formed in associa- 
tion with open obstructions of the large bowel with that observed after 
closed obstruction (tables 6 and 7) leads one to believe that a large 
part of the gas occurring in association with obstruction of the large 
bowel is endogenous. The distention is not due only to diffusion of 


160 ARCHIVES OF SURGERY 


gas into the intestine and to decomposition of contents of the large 
bowel ; the excess gas must also be derived from the contents of the small 
bowel passing into the colon. 


CLINICAL STUDY 


In addition to the experiments on animals described, a number of 
clinical cases demonstrating various types of ileus were available for 
study. 

Distention of the Small Bowel—Comparison of the character of 
the gas occurring in the three cases of distention of the small bowel 


Taste 7.—Group C, Series 2: Obstruction of the Sigmoid Flexure with 


Esophagostomy 
Gaseous Content 
Dura A 
tion Fluid Hydro- 
of Content Carbon Nitro- Me- Hydro- gen 
Experi- of Dioxide, Oxygen, =~ thane, gen, Sulfide, 
Ani- Weight, ment, Bowel, Amount, Per- Per- - Per- Per- Per- 
mal Pounds Hours Ce. Ce. centage centage centage centage centage centage 
ss 44 72 1 165 10.9 1.4 63.2 ad 12.4 10.1 
S6 40 72 125 450 18.4 0.5 58.8 0.6 4.2 12.6 
oO 30 72 20 310 12.2 1.4 73.4 2.8 1.6 8.6 


Taste 8.—Group D: Closed Loop Obstruction with Biliary and Pancreatic 
Secretions 


Gaseous Content of Loop 
Dura- Fluid -——— 


tion Con- Hydro- Volatile 
of tent Carbon Me- Hydro- gen Basic 
Experi- of Dioxide, Oxygen, Nitrogen, thane, gen, Sulfide, Group, 
Ani- Weight, ment, Loop, Amount, Per- Per- Per- Per- Per- Per- Per- 
mal Pounds Days Ce. Ce. centage centage centage centage centage centage centage 
26 36 1.50* 326 75 13.7 0.35 28.4 0.3 0 43.7 13 
29 3s 0.75* 670 eee ee ee 
30 44 2.00* 600 0 
37 40 7 0 


* The animal died. 


with that found in the dogs with simple low obstruction of the bowel 
shows that there was a marked similarity. The concentration of nitro- 
gen was uniformly high; the carbon dioxide content approached that 
found in the blood, and the oxygen concentration was low (except 
in case 5). Gases belonging to the combustible group were entirely 
absent both in the experiments on animals and in the clinical cases, a 
fact which further supports the statement of Kantor and Marks °® that 
those gases are formed by a specific bacterial action in the colon. The 
concentration of hydrogen sulfide and of gases of the volatile basic 
group appeared to be high and approached the concentration found in 
dogs with far advanced stages of obstruction. 
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Distention of the Small and Large Bowel.—Samples of gas were 
obtained in four cases of generalized peritonitis associated with marked 
degrees of distention of the small and large bowel. In case 9 the gas 
was collected directly from the small intestine one and one-half hours 
after death. In the remaining cases samples were obtained by suction 
applied to an inlying duodenal tube. The high concentration of oxygen 
occurring in case 10 probably indicated that the gas was aspirated 
from the stomach instead of from the duodenum. The high concentra- 
tion of oxygen in gas from the stomach has been previously mentioned 
by Kantor ** and Dunn and Thompson.’® The results show that the 
concentration of nitrogen and carbon dioxide agrees closely with the 
concentration occurring in the previous studies. The oxygen content, 
although higher than expected, probably represents an accurate figure 


TaBLe 9.—Clinical Cases of Distention of the Small Bowel 


Composition of Gas 


-- 


Car- Vola- 


Method bon 
rf) Nitro- Oxy- Di- Hydro- Me- gen Basie 
Roentgen Obtaining gen, gen, oxide, gen, thane, Sulfide, Group, 
Case Diagnosis Findings Gas % % % % Jo % % 


1 Mechanical Marked dis- Aspiration 60 80 9.4 0 0 14.0 13.6 
obstruction tention of at operation 


of ileum small bowel 
5 Mechanical Marked dis- Suction with 70 00 9.0 0 0 5.8 52 
obstruction* tention of nasal catheter 
of ileum small bowel 
3 Mechanical Distention Aspiration 79 29 8.1 0 0 10.0 
obstruction ad — at operation 
we 


-* In this ease the disorder proved to be spastic ileus at operation four months later. © 


for gas occurring in the upper portion of the intestinal tract. Small 
amounts of hydrogen and methane were present in all cases, which 
signifies that a diffusion of gases from the small and large bowel 
occurred through an open ileocecal sphincter. Their low concentration 
suggests either that fermentation is less active than in normal persons, 
as stated by Mclver,”* or that the cases are diluted by a marked dif- 
fusion of gases from the blood into the lumen of the bowel. Considering 
the large quantity of gas present, the latter theory is more probable. 
The percentage of hydrogen sulfide present indicates a moderate degree 
of putrefaction and approaches the concentration observed in dogs with 
early stages of obstruction. 

Obstruction of the Large Bowel.—Four cases of obstruction of the 
large bowel were studied. In two of the cases samples of gas were 
obtained by suction of the duodenum by means of nasal catheters, and 
in the other two, directly from the large bowel. Since an analysis of 
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the gas obtained in the first two cases showed that it was free from 
hydrogen and methane, it can be concluded that the distention was con- 
fined almost entirely to the large bowel. Roentgenographic reports in 
the two cases bear out this conclusion. The competency of the iliocecal 
valve, as previously mentioned by Wangensteen,™ apparently accounts 
for the exclusion of gas from the colon from the upper portion of the 
intestinal tract. 

Mclver ** analyzed the gas, collected by rectum, occurring in a series 
of cases of postoperative ileus and found that the percentage of hydro- 
gen and methane was much less than that occurring in a group of 
medical cases in which no operation was performed. He concluded 
that a large amount of the gas originated from swallowed air, because 
it resembled atmospheric air so closely. 


TasBLe 10.—Clinical Cases of Paralytic lleus 


Composition of Gas 


Hydro- 
Method Nitro- Oxy- Carbon Hydro- Me- gen 
of gen, gen, Dioxide, gen, thane, Sulfide, 
Roentgen Obtaining Per- Per- Per- Per- Per- Per- 
Case Diagnosis Findings Gas centagecentage centage centage centage centage 
9 Diffuse Distention of Aspiration 74.2 9.2 7.7 1.2 + 7.7 
peritonitis small and for 1% hours 
large bowel post mortem 
15 Diffuse Distention of Suction with 71.6 44 10.6 6.6 + 6.2 
peritonitis small and nasal catheter 
large bowel 
11 Diffuse Distention of Suctionwith 64.6 8.0 11.8 6.3 1.0 84 
peritonitis small and nasal catheter 
large bowel 
4 Diffuse Distention of Suction with 980.4 10.0 5.6 0.3 0.0 3.7 
peritonitis small and nasal catheter ’ 
large bowel 


In the two cases (cases 2 and 20) in which samples of gas were 
obtained directly from the colon the gas contained small amounts of 
hydrogen and methane, in contrast to the large amount occurring in 
flatus, the percentage for the various gases being as follows: nitrogen, 
51.4; oxygen, 9.6; carbon dioxide, 16.5; hydrogen, 8.1; methane, 14.4, 
and hydrogen sulfide, +3. Undoubtedly, the marked dilution by the 
gases from the blood, the displacement of nitrogen and the fast rate 
of absorption of these two gases explain these results. 


Increase in Hydrogen Sulfide After Death—It has previously been 
shown in this paper that the percentage of hydrogen sulfide not only 
appeared to be definitely increased during the terminal stages of obstruc- 
tion but mounted to an extremely high concentration after death. A 
partial explanation for these findings can be deduced from a study 
of the py of the fluid contents of the dilated bowel. Determinations 


HIBBARD—MECHANICAL OBSTRUCTION OF INTESTINE | 163 


were made on a group of animals with terminal ileal obstruction soon 
after the obstruction was produced and repeated during the terminal 
stages, and on a similar group of dogs many hours after death. In 
contrast to the acid reaction of normal intestinal contents as described 
by McClendon and Shedlov,** Karpman and Thompson, Grayzel and 
Miller,*> Graham and Emery ** and Ling and Fenger, the contents of 
the obstructed intestine were found to be alkaline in all experiments. 
It is evident from table 12 that the alkalinity of the intestinal contents 
increased in proportion to the duration of the obstruction until it reached 
its maximum peak, a py of about 8, just before death occurred. After 
death the py decreased rapidly to the acid side (table 13). Since the 
saturation of hydrogen sulfide in the fluid contents was greatest at the 
high py occurring just before death, a large volume of hydrogen sulfide 


TasLe 11.—Clinical Cases of Obstruction of the Large Bowel 


Composition of Gas 
Hydro- 
Method — Oxy- Carbon Hydro- Me- 
of en, gen, Dioxide, gen, thane, Suifide, 
Roentgen Obtaining Per. Per- Per- Per- Per- Per- 
Case Diagnosis Findings Gas centagecentage centage centage centage centage 
8 Carcinoma Distentionof Suctionwith 76.4 17.0 3.4 0.8 0.0 2.8 
ofrectum large bowel nasal catheter 
6 Carcinoma Distentionof Suction with 77.2 13.2 7.2 0.0 0.0 2.4 
of splenic large bowel nasal catheter 
flexure 
20 Carcinoma Distentionof Aspiration 740 1.2 8.4 4.0 2.6 10.2 
ofrectum large bowel of colostomy 
loop 
2 Carcinoma Distentionof Aspiration 69.0 3.4 11.0 8.0 1.0 7.2 
ofrectum large bowel colostomy 
oop 


would be liberated after death, as a result of the sudden drop in fu. 
The rise in the concentration of hydrogen sulfide during the terminal 
stages of obstruction can be explained only by an increased putrefaction 
of proteins, combined possibly with a decrease in the absorption of 
the gas. 


Analysis of Gases of the Volatile Basic Group.—Although it was 
impossible to subdivide further the gases designated as the volatile basic 


34. McClendon, J. F.; Shedlov, A., and Thompson, W.: The Hydrogen Ion 
Concentration of the Ileum Content, J. Biol. Chem. 31:269, 1917. McClendon, 
J. F.; Shedlov, A., and Karpman, B.: The Hydrogen Ion Concentration of the 
Contents of the Small Intestine, ibid. 34:1, 1918. 

35. Grayzel, David M., and Miller, Edgar G., Jr.: fa Concentration of Intes- 
tinal Contents of Dogs with Special Reference to Inorganic Metabolism, Proc. 
Soc. Exper. Biol. & Med. 24:668, 1927. 


36. Graham, W. R., and Emery, E. S.: The Reaction of the Intestinal Contents 
of Dogs Fed on Different Diets, J. Lab. & Clin. Med. 13:1097, 1928. 


ok 
. 


164 ARCHIVES OF SURGERY 


group, added information was obtained by separating the volatile bases 
in the fluid contents, since they were, in all probability, the direct pre- 
cursors of this group of gases. The total amount of volatile bases 
of the fluid was determined by titration, and the ammonia was separated 
quantitatively by permutit and nesslerized. Qualitative tests were made 
on the ammonia-free portion for primary, secondary and tertiary amines 
by the method described by Hinsberg.** The results showed that the 
percentage of ammonia consistently amounted to about one half of the 
volatile basic group. The remaining half gave positive qualitative reac- 
tions for primary and tertiary, but negative reactions for secondary, 
amines. 


Tasie 12.—Determination of Hydrogen Ion Concentration of Fluid Contents 
After Obstruction of the Small Bowel 


First Determination Seeond Determination 
“Dura- Dura- 
tion of Condi- tion of 
Experi- tion Experi- 
Ani- Type o ment, of ment, Condition of 
mal Obstruction Days pa Animal Days pu Animal 
40 Long closed loop s 7.65 Fair ll 8.26 Died in 12 hours 
39 Simple low ileal 4 7.35 Fair 9 795 Weak, staggering 
obstruction 
41 Simple low ileal 2 7.60 Fair 6 7.57 Fistula developed 
obstruction on Sth day: 
recovery 
42 Simple low ileal 2 7.38 Good 4 7.67 Internal perfora- 
obstruction tion: death on 


6th day 


TOXICITY OF GASES 


Carbon dioxide, oxygen, nitrogen, hydrogen and methane in the 
quantities in which they occur in association with intestinal obstruction 
are generally considered to be nontoxic. 

The dangers of hydrogen sulfide poisoning, by inhalation, has been 
stressed by Yant.** He stated that an atmosphere containing 0.1 per 
cent hydrogen sulfide may cause almost immediate cessation of respira- 
tion, followed by death. During the early experiences with large 
amounts of hydrogen sulfide in the petroleum industry many deaths 
from acute poisoning were reported. However, in the gastro-intestinal 
tract the gas rarely occurs in amounts significant enough to cause toxic 
symptoms. According to MclIver,"* a marked fall in blood pressure may 


37. Hinsberg, in Sidgwick, N. V.: Organic Chemistry of Nitrogen, London, 
Clarendon Press, 1910. 

38. Yant, W. P.: Hydrogen Sulphide in Industry: Occurrence, Effects and 
Treatment, Am. J. Pub. Health 20:598, 1930. Yant, W. P., and Fowler, H. C.: 
Hydrogen Sulphide Poisoning in the Texas Panhandle, Big Lake, Texas, McCamey, 


Texas Oil Fields, U. S. Bureau of Mines Reports of Investigations, serial 2776, 
1926, p. 20. 
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be expected a few minutes after injection of as little as 20 cc. of the 
pure gas into loops of the small intestine. This toxic effect is appar- 
ently confined to concentrations much higher than those occurring in 
cases of obstruction. In experiment 50, in which a 20 per cent concen- 
tration of hydrogen sulfide was used, no toxic symptoms were observed. 
Analysis of the gas twenty-four hours later revealed an almost com- 
plete absorption of the hydrogen sulfide. 

Since the fluid contents of the bowel must be saturated before hydro- 
gen sulfide is liberated, an added source of danger exists in the absorp- 
tion of the solution of hydrogen sulfide. Accordingly, a series of three 
experiments were made in which from 600 to 800 cc. of a saturated 


TABLE 13.—Postmortem Determination of Hydrogen Ion Concentration Fluid 
Contents After Obstruction of the Small Bowel 


Number of Hours 
Between Death and 


Animal Type of Obstruction 


pu Determination 
37 6.7 4 


TaBLe 14.—Toxicity of Gases Injected into a Long Intestinal Loop 


Results of Analysis of Gas Twenty-Four Hours Later 


Hydro- 


' 


Nitro- Carbon Hydro- Me- gen Am- 
gen, Oxygen, Dioxide, gen, thane, Sulfide, monia, 
Ani- Gas Injected Amount, Per- Per- Per- Per- Per- Per- Per- 
mal Into Loop Ce. centage centage centage centage centage centage centage 
50 20%hydrogen sulfide 300 87.0 6.8 2.59 0 0 1.83 1.78 
in room air 
i | 20% ammonia in 300 89.7 16 4.58 0 0 4.12 Ht) 
room air 
solution of hydrogen sulfide was injected into intestinal loops. In 


experiment 53 the py of the fluid was elevated to 9 in order to increase 
the solubility of the hydrogen sulfide. The experimental animals showed 
no symptoms of toxicity, and at autopsy, twenty-four hours later, the 
fluid was found to have been absorbed. 

Likewise extremely toxic effects of ammonia have been reported 
to follow inhalation of a sufficiently concentrated amount. Apparently 
the small quantities formed within the lumen of the bowel can be 
absorbed and detoxicated. In experiment 54 symptoms of toxicity were 
not observed when a 20 per cent concentration of ammonia was injected 
into a closed intestinal loop. The complete disappearance of the gas 
twenty-four hours later must be accounted for by its marked solubility 
in the fluid contents of the bowel and its rapid absorption. 
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SUMMARY AND CONCLUSIONS 


Complete qualitative and quantitative analyses of gases occurring in 
association with experimental obstruction of the small bowel have been 
made. 


The average percentage composition of the different gases was as 
follows: 


1. Nitrogen, 70 per cent. This observation was in agreement with 
the high percentage occurring in other conditions reported in the 
literature. 


2. Carbon dioxide, from 6 to 9 per cent. This concentration 
approached that found in gases in the blood. 


3. Oxygen, from 10 to 12 per cent. After the seventy-two hour 
period there was a definite fall to a uniformly low figure. 


4. Hydrogen, less than 1 per cent in only one case. The concentra- 
tion was from 1 to 3 per cent in three cases after death. 


5. Methane, less than 1 per cent in only one case. 
6. Gases of the volatile basic group, from 0.5 to 5 per cent. 


7. Hydrogen sulfide, from 1 to 10 per cent; from 14 to 17 per cent 
as the severity of the obstruction increased. A marked increase occurred 
after death. 

A quantitative. determination of the origin of gases occurring in 
association with mechanical obstruction of the small bowel was attempted 
by making a comparison of the gaseous content of open and closed 
intestinal loops. About 72 per cent of the gas present was estimated 
to have been derived from swallowed air. The amount formed within 
the body was 28 per cent; of this 70 per cent originated from diffusion 
of the gases from the blood into the lumen of the bowel, and the remain- 
ing 30 per cent resulted from decomposition of food material. 

The type of diet or the type of material present in the intestine 
apparently had little effect on the ultimate quality or quantity of the 
gases present. 

The effect of the biliary and pancreatic secretions could not be 
accurately determined from this study, but the observations suggested 
that those secretions had little to do with the type or quantity of gases 
formed. 

The marked elevation of hydrogen sulfide after death was explained 
by the sudden drop in the hydrogen ion concentration of the fluid con- 
tents of the bowel to the acid side. 

Neither hydrogen sulfide nor ammonia caused symptoms of toxicity 
when injected into a loop of bowel, provided the percentage of gas 
injected was not greater than that occurring in cases of simple obstruc- 
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tion. Likewise, no symptoms of toxicity were observed after the injec- 
tion of a solution saturated with hydrogen sulfide into closed loops of 
the small intestine. 

Observations were made on the character and origin of gas occurring 
in association with experimental obstruction of the large bowel. The 
concentration of nitrogen and carbon dioxide appeared to be similar 
to that found in association with obstruction of the small bowel; the 
oxygen content was decidedly less, and the percentage of hydrogen 
sulfide approached the concentration found in early stages of obstruction 
of the small bowel. Gases of the combustible group were present in 
all experiments in low concentration. A comparison of the amount of 
gas formed in experiments on closed loop obstruction with that formed 
in experiments on open loop obstruction indicated that the large amount 
of the gas formed arose from within the bowel. 

The character of the gas occurring in clinical cases of obstruction 
of the small bowel did not differ appreciably from that of the gas formed 
in association with experimental obstruction. In both the clinical and 
the experimental cases of obstruction of the small bowel there was an 
absence of the gases of the combustible group. 

Analysis of gas obtained in cases of paralytic ileus following peri- 
tonitis showed positive reactions for hydrogen and methane, which 
indicated an intermixture of gases from the small and large bowel. 
Otherwise the composition of the gas resembled that of the gas formed 
in cases of mechanical obstruction. 

Samples of gas obtained by suction applied to an inlying duodenal 
tube in clinical cases of obstruction of the large bowel were free from 
combustible gases. The gas taken directly from the intestine in com- 
parable cases invariably showed small amounts of hydrogen and methane. 
These results demonstrate the competency of the ileocecal sphincter. 
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CONGENITAL DEFORMITIES 


Congenital Flatfoot—Congenital flatfoot gives a varied clinical and 
roentgenologic picture according to Krukenberg. A deforming pre- 
natal force pushes the forepart of the foot upward. This produces a 
certain amount of bowing of the bones of the foot and brings the whole 
foot into valgus and calcaneus. Treatment consists of correcting the 
calcaneus with a plaster cast. This treatment is continued for about 
seven months. Treatment applied early gives the best functional results. 
Operative correction may be required in older children. Diagnosis is 
made by the clinical picture of persistent valgus and calcaneus and by 
roentgenograms which show a vertical axis for the astragalus and a 
crossing of this axis with the axis of the os calcis. Associated congenital 
deformities are common. 


Congenital Supination Deformity of the Forefoot—Hohmann ? 
describes a supination deformity of the forefoot observed at birth, 
normal relations existing in the posterior part of the foot. It may be 


This report of progress is compiled from a review of 228 papers selected from 
269 titles relating to orthopedic surgery and appearing in medical literature approxi- 
mately between Oct. 15, 1935, and March 1, 1936. Only those which suggested 
progress were chosen for review. 

1. Krukenberg, H.: Ztschr. f. orthop. Chir. 62:385, 1935. 

2. Hohmann, G.: Ztschr. f. orthop. Chir. 63:263, 1935. 
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unilateral or bilateral. He considers it to be a contracture at the distal 
tarsal joints due to the position in utero. Treatment consists of fixation 
in valgus and plantar flexion with a plaster cast. Manual manipulations 
are helpful after the cast is removed. 

|Ep. Note.—These congenital deformities of the feet are not 
uncommon. They usually respond quickly to treatment; at times spon- 
taneous correction occurs. | 


Treatment of Congenital Clubfoot.—Brown * suggests an ingenious 
method of correcting clubfoot in infants and young children. An 
aluminum foot piece is applied to the deformed foot, from the outer 
side of which traction is made to pull the foot in eversion and dorsi- 
flexion by running an elastic band from the foot piece to a strip of 
adhesive tape on the outer side of the thigh. When the child begins 
to walk a similar aluminum foot piece is incorporated in the sole of 
the shoe. In the case of older children a bivalved plaster cast is also 
worn at night. 


Results of Treatment of Congenital Dislocation of the Hip.—Gaugele 
and Kienzle * report on 190 children with congenital dislocation of the 
hip treated between 1920 and 1925 who were examined in 1933 and 
1934 clinically and roentgenologically. The importance of the earliest 
possible reduction, gentleness and fixation in the modified Lorenz posi- 
tion for from eight to ten months is emphasized. With the first cast 
the abduction is from 30 to 40 degrees, and with the second it is from 
70 to 80 degrees; both casts are in external rotation and are left on 
for a total of from fourteen to sixteen weeks. An abduction brace 
designed by Gaugele is worn for from eight to ten months. Good 
functional results were obtained in 171 children (90 per cent), who 
became able to walk normally. Anatomic results were as follows: 
One patient had complete redislocation; 11 children showed subluxa- 
tion; deformities of the acetabulum, described as “lemon-shaped,”’ were 
noticed, being mild in 25 and severe in 4 patients; coxa vara was 
observed in 3 children; deformities of the head of the femur occurred 
in 15 children. In the authors’ opinion, 85.76 per cent of the patients 
showed roentgen evidence of satisfactory healing. They are conscious 
that these figures are far more satisfactory than the pessimistic figures 
reported in other series and believe that the results in their more recent 
cases are even more promising. 

[Ep. Note.—Children with congenital dislocation of the hip should 
be followed for from twenty to*twenty-five years before end-results can 
be determined. Both functional and anatomic changes take place 
throughout the entire period of growth. ] 


3. Brown, L. T.: J. Bone & Joint Surg. 18:173, 1936. 
4. Gaugele and Kienzle: Deutsche Ztschr. f. Chir. 245:214, 1935. 
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Late Results of Treatment of Congenital Dislocation of the Hip.— 
Heyman * examined 50 children who had a reduction of a congenital 
dislocation of the hip five or more years before. Functionally the results 
were considered good in 30 cases and fair in 8; in 12 they were regarded 
as failures. Of the patients showing good functional results, 25 had uni- 
lateral dislocations. A study of the roentgenograms of the hips showed 
practically normal osseous structure in 10 children; in 10 there were 
moderate changes; 30 showed marked changes in the head of the 
femur and the acetabulum; and 1 child showed coxa vara. Heyman 
believes that the developmental changes in the acetabulum and the head 
of the femur in cases of congenital dislocation are not identical with 
those in cases of Legg-Perthes’ disease. 


OSTEOMYELITIS 


Acute and Chronic Osteomyelitis in the Child—Allende® in a well 
written monograph reviews the various theories of the location of osteo- 
myelitis in the metaphyses in children. He expresses the belief that 
trauma produces a temporary vasoconstriction and in this way favors 
the local growth of bacteria. He discusses the conservative, expectant 
and operative treatment. In very young children the draining of a 
subperiosteal abscess may be all that is required. Often a period of rest 
and general upbuilding for from one to three days is advisable before 
operation. Early opening into the infected site favors the spread of 
the infection rather than helps healing. Trephining is a procedure of 
election which if done improperly or prematurely may double the mor- 
tality and complications. Subperiosteal section and diaphysectomy are 
rarely indicated. Osseous resection should be performed only after from 
fifteen to twenty days of drainage. The method of Orr has been used 
by Allende in his clinic at Cordoba, Spain, almost exclusively in cases 
of chronic osteomyelitis. Immobilization should be continued until 
sufficient osseous regeneration has occurred to permit function; this 
requires from seven to twelve months. Sequestrectomy should be car- 
ried out when sequestrums are well demarcated, the acute stage of the 
disease is past and the general condition is good. Obliteration of 
osseous cavities after sequestrectomy, by muscle suture or muscular 
flaps if possible, is advised. Articular complications were one of the 
most frequent difficulties in Allende’s series, occurring 25 times in 129 
patients. For the simple effusion into the joint Allende advises immobil- 
ization; in cases of purulent effusion: arthrotomy is necessary, and 
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ankylosis is a frequent outcome. He states that fracture has been 
observed frequently in the femur and in the humerus, but he does not 
give the number of instances in which this occurred. When fracture 
occurs adequate drainage, packing with petrolatum gauze and immobili- 
zation should be resorted to. Secondary osseous localizations, a fre- 

quent complication, are usually benign; they often heal spontaneously, 
_ and only rarely can organisms be grown from such lesions. In the 
general treatment serotherapy, transfusions and ultraviolet irradiation 
are helpful. Vaccine therapy has not been established as yet on a prac- 
tical basis. A summary of 129 cases and a thorough review of the litera- 
ture are given. 

Chronic Osteomyelitis Associated with Malignant Changes.—Hen- 
derson and Swart’ reported 5 cases of malignant changes in sinuses of 
patients with chronic osteomyelitis. They refer to Benedict’s * article, 
published in 1931, in which are reported 12 cases of malignant degen- 
eration among 2,400 cases of osteomyelitis. Henderson and Swart state 
that Benedict, like earlier authors, recognized two types of tumors: 
the superficial type, which is easily recognized, and the deep type. They 
urge that even though malignant degeneration is rare, all sinus tracts 
be cleaned if possible, that if one tract has a foul odor and bleeds easily 
malignant degeneration be suspected and that if such degeneration is 
proved by biopsy amputation be performed. High voltage roentgen 
therapy should follow amputation. 


POLIOMYELITIS 


Wilson and Walker ® describe unusual features in the epidemic of 
poliomyelitis which occurred in California in 1934. There were 3,333 
cases with 110 deaths. More than 57 per cent of the patients were over 
10 years of age, while 27 per cent were over 20. Among these older 
patients an atypical form of the disease was frequently observed, in 
which sensory, vasomotor and arthritic symptoms predominated. These 
often consisted of recurrent exacerbations of acute disturbances. 


SYPHILIS 
Infantile Congenital Syphilis with Positive Roentgen but Negative 
Serologic Findings.—Ingraham *° found that the Wassermann reaction 
was of value in diagnosing syphilis in only 9 cases among 195 offspring 


7. Henderson, M. S., and Swart, H. A.: J. Bone & Joint Surg. 18:56, 1936. 
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of syphilitic mothers. Roentgenographic examination discovered the 
condition in 40 additional cases. Of these 49 cases, in 26 the disease 
was recognized before the patient was 6 days of age, and in 23, when 
the patient was between the ages of 1 and 10 months. In all these cases 
the initial skeletal changes were evident roentgenologically before the 
Wassermann reaction of the blood became positive. In 3 cases, serial 
roentgenograms of the same child taken over a period of several months 
showed the gradual progression of the pathologic changes. The Wasser- 
mann reaction, which was originally negative, became positive as the 
disease progressed. 


TUBERCULOSIS 


Tuberculosis of the Symphysis Pubis—Pytel'' reports a case of 
proved tuberculosis of the symphysis pubis in a child aged 10 years and 
reviews the literature. He finds that the symphysis pubis is less com- 
monly affected by tuberculosis than any other joint in the body. Because 
of the inconstancy of symptoms diagnosis is difficult. Often the first 
sign is a swelling close to the symphysis or in the perineum. This some- 
times simulates a hernia. The most common symptom is frequency of 
micturition. Whether conservative or radical treatment is used, the 
prognosis is good unless the disease is complicated by pregnancy. Eleven 
cases in pregnant women have been reported in which rupture of the 
symphysis pubis occurred during delivery, the outcome being fatal in 
all but 1 case. 

[Ep. Nore.—In the experience of several of us one of the earliest 
symptoms of tuberculosis of the symphysis pubis has been pain in one 
or in both sacro-iliac joints. We believe that it occurs more frequently 
than this article suggests. | 


Tuberculosis of the Shafts of Long Bones.—Petter and Medelman ** 
report 9 cases and give roentgenograms showing tuberculous changes in 
the shafts of long bones. They believe the condition to be rare. This 
series represents 2.9 per cent of all the cases of tuberculosis of the 
bones and joints observed by them. They conclude that the condition 
is primarily destructive in the cancellous portion of the long bones but 
that when it approaches the periosteum it becomes proliferative. 


CHRONIC ARTHRITIS 

Studies Relating Vitamin C Deficiency to Rheumatic Fever and 
Rheumatoid Arthritis —Rinehart ** lists the changes which occur in 
experimental animals as scurvy develops from a diet deficient in vita- 


11. Pytel, A.: Rev. d’orthop. 22:348, 1935. 
12. Petter, C. K., and Medelman, J. P.: Am. Rev. Tuberc. 32:285, 1935. 
13. Rinehart, J. F.: Ann. Int. Med. 9:671, 1935. 


KUHNS ET AL—PROGRESS IN ORTHOPEDIC SURGERY _ 173 


min C. He also describes carefully the pathologic manifestations of 
subacute or chronic scurvy, which include: (1) synovial proliferation 
and formation of pannus in the joints of the animals, (2) subsynovial 
and peritendinous deposits of fibrin and connective tissue cells, (3) thin- 
ning and retrogression of the articular cartilages, (4) rarefaction of 
bone, (5) atrophy of muscle and (6) formation of subcutaneous 
nodules. He states that these changes occur in the absence of infec- 
tion but that when infection is superimposed on the chronic scurvy 
the pathologic process is accentuated. The fundamental similarities of 
these experimental lesions to those of rheumatoid arthritis are pointed 
out. Rinehart reports 4 cases of so-called rheumatoid arthritis in 
which careful inquiring into the dietary habits of the patients revealed 
faulty diets particularly low in foods containing vitamin C. These 
patients showed low levels when tested for capillary resistance (test for 
latent scurvy). When they were given diets high in vitamin C the 
level of capillary resistance was raised; symptoms in the joints were 
diminished, and the general condition was improved. 


Experimental and Pathologic Studies in the Degenerative Type of 
Arthritis —Bauer and Bennett '* suggest the use of the term degenera- 
tive arthritis for the type of chronic arthritis referred to as arthritis 
deformans, osteo-arthritis, hypertrophic arthritis or senile arthritis. 
They conclude that the changes found in joints of elderly persons and 
in joints which have been artificially traumatized are similar and are 
primarily degenerative. The microscopic and macroscopic changes are 
described. Since the changes are primarily degenerative and are due 
to excessive use and wear and tear of the surfaces of joints, Bauer and 
Bennett see little value in the removal of foci, the use of an elaborate 
diet, endocrine therapy, etc. They suggest that loss of weight, if indi- 
cated, correction of mechanics and insurance that anklyosis of the joints. 
will not follow are the chief measures of therapy. They admit that there 
may be factors present to produce changes more rapidly in some persons 


than in others, but they state that no evidence has been produced to 
warrant such a conclusion. 


A Roentgenologic Study of Acromial Arthritis —Lindblom * studied 
roentgenograms of the shoulders of 419 patients. Roentgenograms were 
made with the patient in the supine position, with the arm abducted and 
externally rotated. A second picture was made with the hand under the 
neck. These views gave pictures of the acromioclavicular joint. Two 
hundred and fourteen patients complained of pain and limitation of 
motion in the shoulder. In 68 this first appeared after an injury. The 
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changes found were: (1) formation of tiny or moderately large sub- 
chondral defects or massive productive changes about the margin of the 
joint in persons over 60; (2) narrowing of the joint space; (3) partial 
or complete destruction of the joint space. Lindblom found calcifying 
peritendinitis, subacromial bursitis, a rarer disease than acromioclavic- 
ular arthritis. He believes that this type of arthritis frequently plays 
a part in producing pain about the shoulder. 


THE BACK 


The Intervertebral Disk.—Joplin*® discusses the embryology, 
anatomy, physiology and pathology of the intervertebral disk and 
reviews the changes which take place in this disk in infancy, childhood, 
adult life and old age. The significance of thin disks and that of 
thickened disks are discussed, and the pathologic changes which take 
place in rupture of the intervertebral disks are described, as are degen- 
erative changes which occur under the stress and strain of daily activity. 
The article gives a good review of one phase of a clinical entity which 
is becoming better known. 


Changes in Development in the Vertebral Articular Facets— 
Kuhns ** made a study of 500 roentgenograms of the spine of children 
and examined portions of the dorsal part of the spine removed as a 
routine at 50 autopsies. He found that the vertebral articular facets 
were evident roentgenologically between the ages of 6 months and 2 
years but that their articular margins were not clear before the age of 
8 years. Deformities of the vertebral articular facets which occurred 
in congenital anomalies, diseases and injuries involving the vertebra 
could best be demonstrated by roentgenograms taken in slightly oblique 
positions. The usual deformities were: (1) disalinement of the articu- 
lating surfaces, (2) proliferative changes and (3) ankylosis. Such 
conditions hindered correction of spinal deformity, produced osteo- 
arthritis and led to irritation of the roots of spinal nerves. 


NEOPLASMS 


An Analysis of Living Patients with Primary Malignant Tumor of 
Bones.—To 86 cases of verified malignant tumor of bones accepted as 
instances of five year cure by the Sarcoma Registry of the American 
College of Surgeons, Campbell ** adds 14 more cases of “cure” from 
his own files, bringing the total to 100 cases. In 10 of Campbell’s 14 
cases the tumor was an osteogenic sarcoma of some type; in 4 it was 
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an endothelial myeloma (Ewing’s tumor). These cases were collected 
from a series of 125 instances of malignant tumor of the bones in 
patients treated by Campbell. He noticed that the osteoblastic and 
osteolytic tumors of children were practically always fatal. The chances 
of “cure” of both osteogenic and nonosteogenic tumors increased with 
increasing age. The results of biopsy seemed to make little difference 
in the prognosis. Campbell advocates amputation above the affected 
bone. 

Osseous Metastases with Carcinoma of the Stomach.—Kerr and 
Berger ** collected all the reports of cases (143) of osseous metastasis 
in patients with carcinoma of the stomach and added 5 cases to the 
series. They observed that metastasis to bone was most frequent at 
the sites of the red marrow, spine, ribs, femur, sternum and pelvis. 
Metastases might be osteoplastic, osteoclastic or both without regard to 
the primary lesion; in fact, the site, size and type of a primary tumor 
had nothing to do with the appearance of osseous involvement. Bony 
metastases were observed to occur at any age but were more frequent 
in the young. 

Hemangioma of Voluntary . Muscle—MacDermott?® reports 2 
cases of hemangioma of voluntary muscles. While these tumors have 
been known to occur in a great variety of situations, the majority are 
found in the quadriceps, gastrocnemius, triceps and masseter muscles. 
The most common age incidence is between 11 and 25 years. 


Traumatic Hemangiomatous Tumors of Skeletal Muscle-—A mixed 
capillary and arterial angioma, arising in a skeletal muscle following 
definite trauma, is described by Mailer,** who advances an explanation 
of how such tumors may arise and why they may show infiltrating char- 
acters. Of the 256 cases of angioma of muscles mentioned, trauma was 
cited as a possible cause in 17 per cent. 


THE FOOT 


March Foot Associated with Undescribed Changes in the Internal 
Cuneiform and Metatarsal Bones——Maseritz ** reviews extensively the 
literature on the subject and reports 1 case in which there were frag- 
mentation of the internal cuneiform bone, fracture of the head of the 
second metatarsal bone and fracture of the base of the fifth metatarsal 
bone. He believes that in this condition there is an underlying dis- 
turbance of the calcium content of the bone. 


19. Kerr, H. D., and Berger, R. A.: Am. J. Cancer 25:518, 1935. 
20. MacDermott, E. N.: Brit. J. Surg. 28:252, 1935. 

21. Mailer, R.: Brit. J. Surg. 23:245, 1935. 

22. Maseritz, I. N.: Surg., Gynec. & Obst. 61:818, 1935. 


- 


176 ARCHIVES OF SURGERY 


NEUROMUSCULAR DISTURBANCES 


Volkmann’s Ischemic Paralysis—It is impossible to do justice in a 
short review to this excellent article of over 100 pages by Massart ** 
which presents, with the possible exception of the chapter on elective 
ionization, a clear and detailed exposition of Volkmann’s paralysis. The 
main points brought out by Massart may be briefly stated as follows: 
Electrical reactions showed that the median nerve is most constantly 
and most severely affected. The ulnar nerve is sometimes affected but 
not as severely. Massart believes that the deformity is due more to 
nerve degeneration than to muscle degeneration. He reviews experi- 
mental facts, emphasizing the work of Jepson, Brooks and Nario, par- 
ticularly that of Nario, who produced Volkmann’s contracture by arti- 
ficially sclerosing the end-arteries. Massart states that the distribution 
of the nerves and vessels in the forearm is not constant, according to 
dissection of specimens and to arteriography on living subjects. The 
important factor is the presence of nonelastic fascial compartments, 
which allows pressure to accumulate. The treatment to be used depends 
on the stage at which the paralysis is first seen. According to Massart 
surgical treatment may be: 1. Immediate. This consists in incising 
the fascia over the flexor muscles. 2. Delayed. This may be resorted 
to after several weeks have elapsed and the fracture has healed. If the 
artery is intact, periarterial sympathectomy is advised; if the artery 
has been severed or is occluded, a resection should be performed instead. 
3. Late. Under this heading are operations done after the pathologic 
process has produced definite sequelae. He considers the operations 
under the following headings: 1. Operations on the bones. If shorten- 
ing of the bones is decided on it should be performed at the wrist rather 
than in the forearm. 2. Operations on the tendons. These operative 
procedures proved to be of doubtful value. 3. Operations on the 
muscles. Transplantation of the origin of the flexor muscles Massart 
regards as permissible, but he stated that at the same time the cicatrized 
portions of the muscle bellies should be excised. He also states that 
treatment by apparatus is valuable but should not be used to the 
exclusion of the surgical and physical therapeutic measures. 


ROENTGENOLOGY AND ROENTGENOLOGIC TECHNIC 


Roentgenograms on a Curved Cassette to Show Loose Bodies in 
the Knee Joint.—By means of a curved cassette placed under the knee, 
which was flexed 45 degrees, the tube being placed at a right angle to 
the tibia, Béclére ** took pictures which showed the intercondylar notch 
and the joint space to be greatly enlarged. A slight amount of distortion 
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was apparently present, but this accentuated any loose bodies present. 
Judging from the reproductions published, this method offers a valu- 
able means of locating foreign bodies in the knee joint. 


THE KNEE 


Injuries to the Semilunar Cartilages—Pannett *° does not consider 
that it is possible to remove the whole of the semilunar cartilage through 
an anterior incision, and he is of the opinion that a posterior incision 
should be used also if a total extirpation is required or if trouble in 
the posterior end of the semilunar cartilage is suspected. He does not 
consider that it is necessary to remove the whole cartilage if there is 
merely a typical “bucket handle” tear or a pedicled fragment, as removal 
of these separated portions may be carried out successfully without 
touching the remaining part of the cartilage, provided that it is firmly 
attached. He considers that the absence of “locking,” combined with 
sudden attacks of disability, casts suspicion on the integrity of the pos- 
terior end of the cartilage. 

[Ep. Note.—In the case of “bucket-handle” tears of the menisci 
we believe that it is important to remove both portions of the split 
cartilage. | 

The Innervation of the Skin of the Anterior Aspect of the Knee.— 
Schmidt *° found that in more than half of a group of 100 patients at 
the clinic in Konigsberg, Germany, operations on the knee were followed 
by sensory disturbances in that region. He studied 16 knees of cadavers 
and observed that the variations in innervation emphasized by workers 
like Schangina exist. He reproduced a series of segmental variations. 
The sensory innervation of the anterior aspect of the knee arises from 
above and medially. The branches pass down and laterally. Almost 
regularly the joint line is crossed 3 cm. medial to the patellar tendon 
by a good-sized branch of the femoral cutaneous nerve or an infra- 
patellar branch of the saphenous nerve. In analyzing the various 
incisions designed to avoid branches of nerves, Schmidt remarks that 
there is no incision which is sure to avoid dividing some anterior sensory 
nerve, while it is true that a lateral incision wherever it can be used is 
far less likely to cause trouble. Diagrams of the sensory innervation 
of the knee are given. 


CIRCULATORY DISTURBANCES OF THE EXTREMITIES 


Thrombophlebitis Migrans.—Jaki*" reports 2 cases of thrombo- 
phlebitis migrans in which extraction of definitely infected teeth 
terminated the disease. In each case the lesions were of long duration. 
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While various causes have been reported, Jaki believes that the disorder 
is due to sensitization of the various tissues to some obscure infectious 
focus. Excision of a segment of diseased cephalic vein substantiated 
the reported findings of Ceelen ** that all coats of the vein wall are 
involved by the inflammatory process. The surrounding tissues are also 
inflamed. In the productive, obliterating tissue, nonspecific giant cells 
are to be seen. 
MISCELLANEOUS 


Free Bodies in Joints —Pfab * reviews 72 cases of loose bodies in 
the joint cavities, 44 occurring in the joint of the knee, 23 in that of 
the elbow, 2 in that of the hip, 2 in that of the ankle and 1 in that 
of the shoulder. The causative factor in 31 cases was chrondromatosis ; 
in 29 it was osteochondritis dissecans, and in 12, trauma. In almost 
every case a severe trauma or repeated milder injuries were necessary 
for the development of symptoms. In cases of osteochondritis dissecans 
and chondromatosis Pfab believes that there is a constitutional tendency. 
In his series treatment was wholly surgical. 

[ Ep. Note.—Chondromatosis in our experience is a much rarer con- 
dition than this paper indicates. ] 


Dupuytren’s Contracture of the Fingers—Niederland *° maintains 
that while it may be true that inheritance predisposes to the develop- 
ment of this lesion, it is definitely recurrent trauma (usually industrial) 
that causes the contracture to develop in the palmar fascia. This is a 
matter of considerable importance in compensation insurance practice. 
He remarks incidentally that this was the view of Felix Plater, an 
anatomist of Basel, Switzerland, who, in 1614, long before Dupuytren, 
described the lesion and outlined its causation. 


Brittle Bones and Blue Scleras—McGregor * reports the case of a 
child with brittle bones and blue scleras whose father was similarly 
affected. Examination of the family tree showed that the condition 
was present in 15 members during three generations. 


Movements of the Wrist Joint—From a detailed roentgenologic 
examination of the wrist joint, Wright ** concludes that radial deviation 
occurs entirely at the transverse carpal joint and that ulnar deviation is 
brought about almost wholly by a sliding movement cf the radiocarpal 
joint. He considers that flexion and extension occur in the radiocarpal 
and transverse carpal joints, movement at the latter being more 
extensive. 
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Rusting of Tissues with Rustless Nails and Wires.—Hoase ** has 
observed in several patients injury to tissues from the action of rust- 
less nails (nails that do not rust in water). He presents photomicro- 
graphs of tissue showing granulations with phagocytic cells containing 
iron. A photograph is given of a nail which showed extensive rusting 
after being in the neck of the femur for fourteen months. Similar 
changes are seen with rustless wire and Steinmann pins in six weeks. 
The nickel and chromium coating is lost through the action of tissue 
fluids. Changes in the metal can be seen as early as fourteen days after 
it becomes lodged in the tissues. 


ORTHOPEDIC OPERATIONS 


Operative Treatment of Habitual Dislocation of the Patella— 
Kapel ** reviews the treatment of permanent and recurring dislocations 
of the patella. Forty-four operations, 9 of which were bilateral, were 
performed on 35 patients. All except 2 of the patients had a lateral 
dislocation. Studies of the end-result were carried out in 4 cases of 
permanent dislocation. In 1 of these the dislocation had recurred. 
Operations for habitual dislocation of the patella were reviewed in 29 
patients, of whom 6 had dislocation of the patella of varying degree. 
Kapel had used the method of Goldthwait and that of Krogius and the 
plastic repair method of Hubscher. He concluded that in permanent 
subluxation of the patella an osteotomy of the femur should be per- 
formed ; the extensions of the quadriceps muscle should then be freed 
and the patellar ligament reattached. 

Stabilization of the Hip by Transplantation of the Anterior Muscles 
of the Thigh—Wagner and Rizzo * advocate transplantation of the 
upper attachment of the tensor fasciae latae, the sartorius and the 
straight head of the rectus femoris muscle in cases of paralysis of 
the gluteus medius muscle associated with weakness of the gluteus 
maximus. They believe that it not only gives more stability to the hip 
than other procedures but also adds to the stability of the knee. The 
operative technic is described and reports of cases are given. 

Stabilization of the Acromioclavicular Joint-—Wakeley ** reviews 
5 cases of dislocation of the acromioclavicular joint in patients on whom 
he operated during the last twenty-one years. The operation consisted 
of exposing the area by an incision through the anterior fibers of the 
deltoid and encircling the joint with silver wire passed through two holes 
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drilled horizontally through the clavicle and the acromion parallel to 
the joint. The convalescence was short, and the end-results were satis- 
factory. 


The Radical Operation for Hallux Valgus.—In studies on 28 patients 
who had undergone the Heuter-Mayo type of operation, Bughi ** found 
that 9 were completely free from pain and satisfied with the results 
of operation, that 14 still had pain and that 5 were dissatisfied. He 
states that the 5 patients in the latter group were all of the asthenic 
type. Roentgenograms showed marked shortening of the first meta- 
tarsal bone. 

A New Amputation of the Lower Third of the Thigh.—Iin an 
excellently illustrated article Callander ** discusses amputation of the 
lower portion of the thigh and describes in detail the technic of his 
operation. The essential features of the operation are as follows: The 
anterior flap includes the soft tissues of the upper part of the leg as 
far as the level of the tibial tuberosity, while the posterior flap is a 
little longer and extends well down on the gastrocnemius muscle. The 
popliteal vessels and nerves are ligated through an amuscular and avas- 
cular cleavage plane on the medial aspect of the lower part of the thigh. 
All the hamstring muscles are severed at their tendinous insertions on 
the tibia, and the femur is sectioned in the condylar flare just proximal 
to the adduction tubercle. The patella is dissected from the anterior 
flap from the side of the joint, leaving the rectus femoris tendon in 
the floor of the patellar fossa to act as an end-bearing buffer for the 
femur. No coapting primary sutures are used throughout the opera- 
tion save from four to six skin clips or sutures which hold the flaps 
roughly in position. As the edges of the flaps unite, the posterior flap 
retracts gradually but extensively until the femur occupies the patellar 
fossa snugly and the suture line is ‘located well up behind the end of 
the stump. There was 1 death among 14 patients operated on by 
this method. Callander believes that operative mortality, shock, repairs 
and infections with gas bacilli are less likely to occur than when the 
classic methods are used. 


FRACTURES AND DISLOCATIONS 


Local Anesthesia for Vertebral Fracture.—Bohler ** advises the use 
of a short needle for the injection of 10 cc. of a 1 per cent solution 
of procaine hydrochloride for anesthesia in the reduction of vertebral 
fractures. In the usual fracture produced by sharp flexion of the body 
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a compression of the anterior portion of the vertebra occurs and at the 
same time a tear of the posterior longitudinal ligament with or without 
a portion of the spinous process. A superficial hematoma develops 
over the longitudinal ligament. The procaine hydrochloride is injected 
into this hematoma, the needle being introduced from 5 to 6 cm. to the 
side of the midline. 

Avulsions of the Spinous Processes—Avulsions of the lower cer- 
vical or upper dorsal spinous processes occuring at work, Matthes *° 
states, are best seen by means of roentgenograms taken in the semi- 
oblique position with the tube focused just past the scapula. Treat- 
ment consists of a double loop shoulder brace of leather. Like the old 
corset for treatment of round shoulders the brace draws the shoulders 
back. It is worn for ten days. Then treatments with hot air and 
active motion are instituted. Later massage is employed. The spot of 
tenderness is often present four weeks later. After eight weeks the 
average patient has no disability for labor. It is of importance to 
reassure the patient, who is usually impressed with the concept that his 
spine has been fractured. Fibrous union with excess local calcification 
usually occurs. Matthes believes that for residual pain operations are 
useless. In a ten month period he found fractures of the spinous 
processes in 82 workers, almost half of whom were under 30 years of 
age. 

Late Results of Dislocation of the Upper Extremity and Its Pre- 
vention—Wachsmuth and Kremer *! studied the late results of this 
injury in 142 patients with dislocations in the upper extremity; 81 
patients had dislocation of the shoulder, 36 of the elbow, 21 of the 
fingers and 2 of the wrist. In 2 there was a nerve injury, the insult 
being of the brachial plexus in 1 patient and of the axillary nerve in the 
other. There was evidence of osteo-arthritis in 53 per cent of the 
injured joints. Spurs were frequently seen in painless joints. In 1 
of the elbows myositis ossificans developed ; in 6 there were mild peri- 
articular osseous shadows. In 10 shoulders habitual dislocation occurred. 
Wachsmuth and Kremer urge early reduction and early motion. 

The Mechanism of Scapular Fracture.—Takacs ** experimented on 
68 scapulae in cadavers; 62 were fractured by the methods used. In 
the first experiment the scapula was struck posteriorly with a 2 Kg. 
hammer in imitation of a fall on the flat surface of the scapula. A blow 
on the body of the scapula produced a stellate fracture. With the 
cadaver lying in the prone position a blow on the acromion or spine 
produced a fracture of the coracoid process. When a weight was 
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placed under the shoulder (with the cadaver in the prone position) a 
heavy blow on the acromion produced a fracture of the glenoid fossa. 
A blow struck on the elbow while the upper part of the arm was 
extended usually produced a fracture of the neck of the scapula. Takacs 
concludes that direct fractures were those of the acromion and of 
the body, spine, lateral or medial edge or one part of the margin of the 
scapula. Indirect fractures were those of the coracoid process, the 
glenoid fossa and neck and other parts of the margin of the scapula. 

Nailing of Fractures of the Humeral Head.—Vose** reports 4 
operative fixations of fracture of the surgical neck of the humerus 
after conservative reduction had failed. By the use of the V-shaped 
incision of Bardenheuer (which outlines the deltoid insertion on the 
humerous), the deltoid is pulled back, exposing the humeral shaft. 
Instead of the Smith-Petersen nail Vose uses a large two-flanged nail. 
To insert it without splintering the shaft he saws a V-shaped oblique 
groove and enlarges it with the chisel. He states that early motion may 
be performed and that the end-results are good. 

[Ep. Note.—Roentgenograms showed epiphyseal perforation in 2 
children. Excess bone formation appeared in another. The nail is large 
and difficult to insert, and its use appears to have no advantage over 
simpler methods employed for internal fixation in special cases. | 

Fracture of the Base of the Radius in Adults—Cornell ** from a 
study of 155 cases of fracture of the lower end of the radius in 140 
patients found that the incidence of major deformities of bone was as 
follows: (1) shortening of the radius averaging about % inch 
(0.4 cm.), in 78 per cent; (2) widening of the wrist joint, in 75 per 
cent ; (3) tilting of the distal radial fragment posteriorly, in 76 per cent ; 
tilting anteriorly, in 14 per cent; (4) comminution of the lower frag- 
ment, in 68 per cent; (5) fractures of the ulnar styloid process, in 72 
per cent (in 60 per cent of these fractures nonunion occurred). In 
treatment molded plaster splints were used ; in 55 cases the wrist was put 
up in acute flexion; in 90 cases it was put straight, and in 10 cases, in 
extension. The average period of immobilization was twenty-two days. 
Motion of the fingers was encouraged at the outset, and active motion 
of the wrist on the ninth or tenth day. General anesthesia induced by 
nitrous oxide and oxygen was used for reduction. End-results showed 
that of the 140 patients 100 returned to work in an average time of 
fourteen weeks. 
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Treatment of Colles’ Fracture -—Devenish ** describes a method of 
maintaining a Colles fracture in reduction while an accurately fitting 
plaster splint is applied. The fracture is reduced with the patient under 
general anesthesia, and then the pronated forearm is placed on an 
inclined plane which terminates just short of the fracture line. A loop 
of 1% inch (3.8 cm.) bandage is placed over the wrist and hangs 
down toward the floor. An assistant maintains light traction on the 
fingers, and the operator places a foot in the loop of bandage and 
maintains pressure while a posterior slab is applied to the forearm and 
hand; a circular bandage is applied to keep the splint in position. 
Accurate molding of the slab into the hollow produced by the tightness 
of the loop is considered to be an important point in the procedure. 


Fracture of the Carpal Scaphoid.—Cravener ** states that fractures 
which involve the scaphoid are more important from the standpoint of 
treatment than fractures of the tuberosity because of the frequency of 
nonunion. Roentgenograms should be made with the hand in the extended 
first position and in slight ulnar deviation in order that the surfaces 
of the fracture be kept parallel to the roentgen rays. The theories of 
nonunion are reviewed. Cravener advocates bone pegging as the 
method which so far, he states, has given perfect functional results. 
His technic consists of making a 2 inch (5 cm.) linear incision over the 
dorsum of the wrist and a transverse cut in the capsule. A drill is 
inserted in the scaphoid at the junction of the dorsal ligament, and a 
hole is made through both fragments. A roentgenogram is made to 
localize the drill, and an osteoperiosteal bone graft is driven into the 
hole. The wrist is put up finally in 45 degrees dorsiflexion and slight 
radial deviation for from six to eight weeks. 


A Survey of the Management of Intracapsular Fractures of the 
Neck of the Femur.—Dickson * reviews the various methods of closed 
reduction in external fixation and gives the results from his clinic. The 
leg traction method of Roger Anderson Well was used in 15 cases with 
results as follows: bony union in 2 cases, nonunion in 11 and death 
in two. Dickson believes that the constant traction in this method tends 
to hold the fragments apart and minimizes interlocking. Treatment 
according to the method advised by Whitman resulted in bony union in 
70 per cent of the 68 cases in which it was used, nonunion in 14.7 per 
cent and death in 13 per cent. In 9 cases the Smith-Petersen nail was 
used, the results being bony union in 7 cases and death in 2. The 
Albee (or Jones) bone graft operation for nonunion of intracapsular 
fracture was used in 4 cases, in all of which bony union resulted. The 
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reconstruction procedure of Whitman was used in 7 cases with excellent 
results in 5, failure in 1 and death in 1. In 4 cases the method of 
Brackett was employed, and satisfactory results were obtained in all. 
This excellent paper not only includes a review of the methods of treat- 
ment but gives results from some recognized clinic other than that of 
Dickson. 

Malunited Fractures Affecting the Ankle Joint—Kimberley * 
studied a series of 216 patients with fractures of the ankle from the 
New York Orthopaedic Dispensary and Hospital. Of this number 24 
were subjected to ankle fusion because of malposition of fragments and 
persisting pain; of the 22 who were observed long enough to permit an 
estimation of the end-results, 20 were improved. Emphasis was placed 
on correction of any lateral displacement of the foot and on putting the 
foot in maximum dorsiflexion such that from 3 to 9 degrees of equinus 
remains. The technic of the operative procedure is described. 

Therapy for Fracture of the Os Calcis—Felsenreich,*® from 
Bohler’s clinic in Vienna, Austria, states that the three chief failures in 
treatment of fracture of the os calcis have been: (1) traumatic arthritis 
with marked atrophy of the bones and severe injury to the articulations, 
(2) contracted flatfoot with abduction and pronation from faulty mus- 
cular pull and (3) disorders resulting from too early and active resump- 
tion of weight bearing unsupported or too vigorous exercises. 
Standing and walking were usually resumed too early. Ina review of 42 
cases he stresses the points which he considers important for good 
recovery. He believes that errors occur chiefly in the care of the injury 
during convalescence. Simple fracture without displacement may be 
treated in plaster casts permitting walking, but careful supervision must 
be given to prevent displacement and excessive irritation to joints. More 
severe fractures (groups 5 to 8 of Bohler’s classification) are usually 
reduced by wire fixation and counter skeletal traction on the os calcis 
as soon as the severe swelling has subsided. Traction is maintained for 
from six to ten weeks. After removal of the plaster cast active and 
resistive exercises are given in bed often for two or more weeks. The 
nonweight-bearing period is indefinitely prolonged when marked atrophy 
of the bone is present. By these means Felsenreich has prevented in 
almost all recent cases the three types of failure mentioned. 

Fracture of the Astragalus, an Injury of Persons Who Fly Gliders. 
—Schneider * has observed 12 fractures of the astragalus in two years 
occurring in the landing of gliders (a type of airplanes). The fre- 
quency of such fractures has been for the greater part prevented by 


48. Kimberley, A. G.: Surg., Gynec. & Obst. 62:79, 1936. 
49. Felsenreich, F.: Arch. f. orthop. u. Unfall-Chir. 35:590, 1935. 
50. Schneider, J.: Arch. f. orthop. u. Unfall-Chir. 35:80, 1935. 


KUHNS ET AL—PROGRESS IN ORTHOPEDIC SURGERY | 185 


adding foot plates to the steering bar-so that pressure comes on the 
entire foot instead of on the long arch alone. Treatment of these 
injuries has consisted of traction with from 3 to 6 Kg. for from six 
to fifteen days. Then a snug-fitting plaster was applied. Weight bear- 
ing was often delayed for three months, and Schneider states that an 
elastic bandage may be worn for three months longer. He believes 
that these fractures heal much more slowly than the textbooks state. 
Of the 12 patients whom he observed, 1 had a completely stiff ankle 
(fracture with rotation) ; 1 underwent amputation of the foot; 1 had 


limitation of motion from bony spurs; the remaining 9 had good 
function. 


Ligaments of the Arch of the Foot and the Mechanism of Metatarsal 
Fractures—Bruno *' stresses the importance of the plantar fascia in 
the mechanism of fractures of the metatarsal bones. Its divisions to 
the second and third metatarsal bones bear most of the weight of the 
body. The second and third metatarsal bones are supplied, therefore, 
with rigid fascial bands which permit least motion of these bones. 
Excess forces on these comparatively unyielding bows result in frac- 
ture. The second metatarsal bone, which is thinnest, fractures most 
frequently. 

RESEARCH 

Anatomic Observations on the Development of Necrosis of the 
Carpal Semilunar Bone.—KoOstler ** studied the blood supply of the 
carpal semilunar bone and found that the arteries are not end-arteries 
but have adequate anastomosis on the dorsal side. The joint capsule has 
a deep fold on the dorsal side. Through trauma such as may result 
from pressure—as in drilling—on the hand in dorsiflexion, this capsular 
fold may become thickened. Kostler believes that this can in certain 
cases cut off the blood supply to the semilunar bone. 

Blood Flow Through Skeletal Muscle in Relation to Its Contrac- 
tion—From a large series of experiments carried out on the blood 
vessels of the gastrocnemius muscle in dogs, Anrep and von Saalfeld ™* 
showed that muscular contraction is accompanied by compression of 
the intramuscular blood vessels. They also demonstrated that the hyper- 
emia in a muscle which normally follows contraction is greatly increased 
if the muscle is perfused with venous blood collected during the 
activity of the muscle. Perfusion of venous blood obtained when the 
muscle was at rest did not have this effect. It was presumed, therefore, 
that some active vasodilator substances are produced and released from 
the contracting muscles. These substances are stable in the blood for 
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at least half an hour. Their exact nature has not been determined, but 
Anrep and von Saalfeld are of the opinion that it is unlikely that 
acetylcholine plays any part in the production of the hyperemia. 


Effect of Large Doses of Roentgen Rays on the Growth of Young 
Bones.—Regen and Wilkens * treated one extremity of each of 8 young 
rabbits with heavy doses of roentgen rays and studied the effect by 
roentgen observations on the growth of bone at stated intervals until 
adult life was reached. Six rabbits of the same age were used as controls. 
Regen and Wilkens found that there was an initial increase in growth 
during the first month, followed by a rapid diminution during the 
following eight months of the study. 


Influence of Roentgen Irradiation on the Rate of Healing of 
Fractures.—Regen and Wilkens *° also treated the bones of adult rab- 
bits for two weeks and for one day, respectively, before producing 
the fracture. They found that there was marked delay in healing as 
well as diminution in phosphatase activity at the site of the fracture. 
The phosphatase activity gradually rose to normal after reaching a low 
level at the end of three weeks. 


54. Regen, E. M., and Wilkens, W. E.: J. Bone & Joint Surg. 18:61, 1936. 
55. Regen, E. M., and Wilkens, W. E.: J. Bone & Joint Surg. 18:69, 1936. 


< 
| 


